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From: Mark Driscoll
Date: February 8, 1985
Re: A Study of Exemplary Mathematics Programs

NIE 400-83-0010

Enclosed are five copies of our Final Report for the Study of
Exemplary Mathematics Programs. It includes:

o The final report with project summary, findings, and
recommendations

Report to participating schools (in part)

Bib1iography

Attachment 1 -- study advertisements, correspondence, etc
Attachment 2 -- correspondence with participating schools, etc.
Attachment 3 -- abbreviated case studies

Attachment 4 -- 10 case studies

Attachment 5 -- a selection of journal articles, correspondence

Even though the study has officially ended, I am continuing to write
articles for submission to various journals, (for example, the
School Boards article I mentioned to you). I will send you copies,
of course. The Northeast Regional Exchange, Inc. is proviuing
opportunities for dissemination through the newsletter, The
Northeast Perspective, and through regularly scheduled conferences,
meetings, and roundtables. We hope and expect to build on the
foundation of this research study. Interest in our work, especially
by educators in this region, has remained high. Almost weekly we
receive requests for information about the study and NEREX is

commi tted to working with me to find the best ways to disseminate
the results. Those of us on the staff -- Elsa Martz, Lairy Vaughan,
Lynn Griesemer, and I -- certainly appreciate your assistance and
support throughout the project.

PS Bob Herriott's consulting notes were not complete enough to
include with the deliverable. I will pass them along as soon as
they are available.

NEREX 34 Littleton Road, Chelmsford, Massachusetts 01824 617/256-3987
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FINAL REPORT
A STUDY OF EXEMPLARY MATHEMATICS PROGRAMS

Introduction

In December 1982, A Study of Exemplary Mathematics Programs, to be
conducted by the Northeast Regional Exchange, Inc. (NEREX), was funded by
the National Institute of Education. The purpose of the project was to
collect a pool of exemplary programs in middle schools, junior high
schools, and high schools; to examine a portion of that pool in
considerable detail in order to hypothesize what factors are associated

with their exemplary qualities; and then to provide a systematic means to
test those hypotheses.

The contract required that schools nominate themselves, based on
characteristics of exemplariness in student outcomes. Thus, in order to
generate interest, we advertised in newsletters and national
publications, and letters were sent to over 700 supervisors of
mathematics education and to the state commissioners of education. The
letters described the project and asked the supervisors and commissioners

to identify the schools in their districts in which exemplary mathematics
programs were to be found.

Approximately 800 schools from all 50 states responded and asked for more
information about the study. Each school was asked to submit evidence of

their program's exemplariness according to the following categories of
criteria:

e test scores above national norms

test scores above expectations for particular subpopulations (e.g,
women, minorities)

participation above expectations in critical courses

participation above expectations for particular subpopulations
participation beyond the classroom (e.g.,clubs, teams)

awards for excellence in mathematics (both students and school)
postgraduate success in mathematics

other measurable outcome data.

Our final pool of program submiss:ons numbered 146. Approximately 60
percent of these were high schuols, 25 percent were Junior high schools,
and 15 percent were elementary/middle schools. Geographically, about 80
percent of the programs were located east of the Mississippi River.
Approximately 90 parcent were public schools. The pool included a
variety of interesting programs: high schools with superb records in the
American High School Mathematics Examination competition, junior high
schools with tremendous student involvement in learning algebra and
geometry, and middle schools with impressive records in achievement, to
cite just a few examples. There were many whole programs in the pool,

1
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but also honors programs, computer science programs, remedial programs,
and calculus programs were submitted. The responses ranged from 1-page
sumnaries to 40-page detcriptions, with a -200-page master's thesis
submitted to support inclusion of one non-traditional program. The vast
majority of responses required follow-up telephone calls to gather data
on student learning outcomes, a task which consumed most of late spring
1983.

Expert Panel

The design of this research project included use of an expert panel to
rate the school data. Our six-member panel comprised an expert in middle
school/junior high school mathematics education research (Robert Reys),
an expert in secondary school mathematics education research (Mary Grace
Kantowski), an award-winning mathematics teacher (Martin Badoian), a
representative of the state supervisors of mathematics (Fernand Prevost),
a representative of postsecondary/industrial mathematics (Peter Castro),
and an expert in educational field research (Sheila Rosenblum).

In early August, our expert panel met to rate all of the program
submissions based on the categories of criteria of exemplariness. For
reliability's sake, the expert panel rated an hypothesized program, then
discussed their individual ratings to reach consensus. During the
discussion, they decided to drop postgraduate success as a separate

- criterion and handle it, when. it appeared, undei the last category. The
paneliste worked in pairs. Each file of school data was read
individually and the criteria were rated by each expert; then the file
was read and criteria rated by the other expert in the pair. They rated
each program for each category, using a 1-to-9 scale and appealing to
normative data acquired from the National Center for Educational
Statistics, Educational Testing Service, and other similar sources. The
two rating sheets were compared and consensus reached on a rating for
each category. When it was impossible to reach consensus, the file was
turned over to another pair. In this way, all 146 schools were rated
during a three-day working meeting. The panel also provided a relative
weighting for each category, and each program's final score was computed
as the sum of its weighted ratings over the seven categories.

(The weightings, determined by consensus, were:

® test scores above national norms -- 1.5

o test scores above expectations for particular subpopulations (e.q,
women, minorities) -- 1.75

participation above expectations in critical courses -- 2
participation above expectations for particular subpopulations -- 1.5
participation beyond the classroom (e.g.,clubs, teams) == 1

awards for excellence in mathematics (both students and school) =-- 1
other measurable outcome data -- 1)

Study staff then took the top-rated 50 programs and began the process of
selecting our sites for fall visits. We sought variety according to
school level, geography, school type (public or private), socioeconomic
factors, and types of outcome evidence. We pared the 50 down to 28 sites
in 16 states and the District of Columbia.




In late August, the eight site visitors were trained by a field research
consultant in techniques of observation and interview and the use of such
field research techniques as a topic outline and topic-source matrix. As
in the expert panel meeting, some consensus was necessary to standardize
site visits as much as possible. We did this through open discussion
about the design of the topic source matrix and agreement on the
categories of topics deemed essential for the matrix.

“The matrix settled on had as topics: background, curriculum features,
curriculum implementation, staffing, support from outside the program,
extracurricular features, other. The matrix had as data sources:
district administration, school administration, department head,
teachers, students, guidance staff, documents. Information was provided
for each cell of the matrix from each program's original submission of
information and at least 2 follow-up individualized telephone interviews
with each program.

The site visit schedule was arranged to allow a maximum number of
two-person site visits, in order not only to validate perceptions but to
increase the variety in probing strategies to be used in gathering data.
We were able to conduct 15 of our 28 site visits with two-person teams;
each site visitor conducted a first visit with the Principal
Investigator. The schools chosen included 20 with high school grades, 9
with junior high school grades, and 6 with at least 1 elementary grade.

Before the first site visit for the study, a three-day pilot site visit
to a Massachusetts high school was conducted in late September to test
the materials and make any modifications necessary. As a result of this
data gathering, additional forms were developed for use by the field
staff. Ultimately we had a package of materials for each school that
included (in addition to a copy of the material submitted by the school)
observation and interview forms, checklists, a topic-source matrix to aid
as a checklist in gathering data, and interview notes.

Site visits began in October and continued on a steady basis throughout
the next ten weeks. The Principal Investigator conducted 17 of the 28
site visits, 14 of them with another site visitor, 3 of them alone. We
were pleased to find that five of the schools had been selected in
Secretary of Education Terrel H. Bell's Secondary Schools Recognition
Program, and five of the mathematics teachers and two of the science
teachers from schools we.visited received Presidential Awards as their
state's outstanding mathematics and science teachers.

In December 1983, site visitors submitted notes of their observations and
interviews, completed checklists and forms, and a summary overview of
eacn exemplary program.




Findings

There were two stages in the isolation of factors and conditions deemed
potentially important to the success of exemplary mathematics programs.
First, there were the raw data and fresh 'mpressions gathered by the
eight site visitors which were used to generate hypotheses. Second,
there was a formal testing of the hypotheses.

To capitalize on the freshness of the impressions, we convened a meeting
of the eight shortly after the completion of the visits -- in January

- -1984. A list of about 60 speculative hypotheses was used to stimulate
discussion, the 1ist having been drawn up from speculations of the site
visitors during their training before the site visits, and from
conversations about the raw data between the project director and the
visitors during the period when the visits were taking place.

Anticipation of the second stage -- the formal testing -- guided the
design of the site visitor meeting. Our research design for testing
hypothesized factors called for studying the degree to which the factors
were present in three groups: a group from which the hypotheses were
derived, a second group of programs with a comparable exemplariness
profile, and a third group of programs generally ranked lower on
exemplariness. Because we suspected that site visits were a far
preferable method by which to gather data, and because we were unable to
visit more than 28 programs, we decided not to choose the entire group of
28 as our hypothesis group, but a subset, and place the balance in the
comparable group. In this way, we would increase the chances that the
quality of data on the programs in the latter group would be similar to
that of the hypothesis group.

Thus, the site visitors focused on the 17 sites chosen to be the
hypothesis group (denoted G-1) -- the 17 visited by the project director
and, in all but 2 cases, with 1 of the other site visitors -- and each of
them worked with the 1ist of 60, added candidate hypotheses of their own,
and produced an individual 1ist of favored hypotheses. The group then
worked with the 8 lists to reach consensus on the strongest candidate
hypotheses and the wording which each should carry into the next phase of
the study. The result of the meeting was a 1ist of 11 hypotheses, all of
which were, by consensus, considered strong contenders for explaining the
excellence at the 17 sites in the hypothesis group. The list of these 11
hypotheses appears on the next page.

The second stage then began -- that is, the isolation process to gather
evidence pertaining to the 11 hypotheses for the 2 additional groups of
schools. The groups were drawn from our pool of 146 programs rated for
excellence the previous year by the panel of experts: 32 programs with
excellence ratings comparable to those in the hypothesis group {first
comparison group, denoted G-2) and 27 programs with excellence ratings in
the bottom quarter of the original pool (second comparison group, denoted
G-3). As noted above, there was considerable data already available for
11 of the 32 because they constituted the complement of G-1 in the 28
visited sites. Some data were available for the remainder of the two
comparison groups from their initial submission of evidence to the

study. (In many cases, programs had sent more information than evidence
directly connected to student outcomes.) Individualized telephone
interviews were conducted with these programs to supplement the
information already available.

o R
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1.

HYPOTHESES
FROM
A STUDY OF CXEMPLARY MATHEMATICS PROGRAMS

Background

The community values mathematics achievement and these values are
effectively communicated to students -- the students want to learn.

Curriculum and Implementation

Homework plays an important role -- in amount and frequency, in the
feedback given, and in its connection to classroom practice.

The whole program is structured, and understood by staff and
students, so that students can and do move flexibly within an array
of courses and levels to maximize success.

The curriculem has the blessings of the mathematics staff, If they
have not had a hand in developing the curriculum, they have at least
adapted to it and developed a sense of ownership of it.

Teaching and Staffing

High expectations for success in mathematics are consistently and
effectively ccmmunicated to students.

There is a consistently supportive environment for learning in the
classroom that accommodates risk-taking.

Class time is used efficiently by both teachers and students.

Mathematics teachers spend considerable extra time working with
students and/or preparing materials.

Staff are dedicated and function as a cohesive, sharing, and mutually
supportive unit.

Leadership

Exemplary programs are characterized by the kind of leadership that
results in a well-run, well-organized department that frees teachers
from non-instructional distractions.

Exemplary programs are characterized by leadership that makes it
possible for teachers to feel and act as professionals, and that
stimulates questioning, sharing, and taking part in ongoing
professional interactions.



Typically, an interview lasted from 45 minutes to an hour, was conducted
with the person who had originally communicated with us about the study,
and was designed to supplement, in the 11 categories corresponding to the
hypotheses, the information which that person had sent. Because of the
individualized and open-ended nature of the interviews, no two were
identical. Furthermore, the detail in the information gathered varied
from hypothesis to hypothesis and from program to program, depending on
the level of detail in the records of a particular program and on how
well versed was the person being interviewed. Of course, those
interviewed were told nothing about the 11 hypotheses, nor were they

- -given any indication of the existence of the two comparison groups. As
throughout the entire study, we were both very impressed with, any very
grateful for, the high level of cooperation we received from the schools
in the study.

At this point, a few words should be said about groups G-1, G-2, and

-3. In choosing schools for G-2 and G-3, we wanted the groups to be
ipproximately comparable with G-1 in several categories: geographic

region, grade level, setting (rural, suburban, urban), and racial

makeup. With regard to these categories, the 3 groups look this way:
region grade level setting race
G-1 7 NE 13 with high school 2 rural 8 which have
N=17 g:iades 10% or more
2 SE 5 with junior high 6 suburban minorities
6 MW grades 8 urban
2 SW 2 with elementary 1 statewide
grades
G-2 16 NE 22 with high school 7 rural 6 which have
N=32 grades 20 suburban 10% or more
8 SE 8 with junior high 5 urban minorities
7 MW grades
1 N 5 with elementary
grades
G-3 11 NE 16 with high school 10 rural 9 which have
N=27 8 SE grades 13 suburban 10% or more
2 MW 12 with junior high 4 yrban minorities
5 NW grades
1 SW 7 with elementary

The following statistics describe
exemplariness ratings given by the

grades

the three groups with regard to the
expert panel:

N mean standard deviation
G 17 63.5 11.7
G-2 32 58.5 7.4
G-3 27 19.6 5.3

(With the weightings listed earlier for the 7 categories, the maximum
rating a school could obtain was 87.75.)

N T




When the interviews were concluded, we reconvened the expert panel whose
members had rated the 146 programs for exemplariness the previous year,
and gave them the task of evaluating the collected data and riting the
programs in G-1, G-2, and G-3 on the degree to which each of the
hypothesized factors was present. Once again they workcd in pairs and
rated each program for each factor, using a 1-to-9 scale, after working
together to rate a set of data for a fictionai site, thus maximizing th:
reliability of their ratings. Even though this was the same panel which
had rated the 146 schools for exemplariness, a possible risk to
objectivity, we were able to capitalize on tha length of time -- one year

-~ == which separated the two ratings to maximize the blindness of the
second rating, Thus, schools in the three groups were numbered, not
named, and information from the interviews was presented in a way that
disguised each school's identity.

In our first level of analysis, using the raw scores, we computed means
and Student's t-tests between groups for exch of the 11 hypotheses
(groups 6-1, G-2, and G-3). We found the initial data somewhat
confusing. It was anticipated that the hypothesis group (G-1) and the
high scoring comparison group (G-2) would yield approximately equal
ratings. Additionally, we anticipated significant differences in
comparing lower rated schools (G-3) with either of the two higher rated
groups. While G-1 and G-2 scores were somewhat close, the group means
differed enough to indicate significance. In fact, as the following
table indicates, all comparisons yielded significant differences --
including comparisons between G-1 and G-2.

Several reasons for this unanticipated outcome are possible. First,
because we selected programs to be in G-2 not only on the basis of their
exemplariness rztings, but also with a desire to match the programs with
the G-1 programs on the basis of other criteria -- e.g., wanting some
large schools, some small schools, some urban schools, some rural
schools, and so on -- there is the possibility that the programs in G-l
could be generally more exemplary than the programs in G-2. Second, the
methods of gathering data -- site visit versus telephone interview --
could have a significant effect on the data. Third, we discovered during
our interviews of G-3 schools that several exhibited strong programs
which belied their relatively lower ratings by the expert panel last
year. For example, it appeared that several had failed to send us a
complete picture of their student outcomes in mathematics. Thus, on
average, G-3 could have been more exemplary than last year's expert panel
ratings would indicate.

Consequently, we investigated each of the above three possible
explanations for the unanticipated results. As the above statistics
indicate, G-1 and G-2 differ on scores of exemplariness -~ théir means
are 5 points apart -- and 11 of the schools visited in G-2 were clearly
documented from site visits as fine mathematics programs. In order to
test our hunch about the differences in the methods of data collection,
it was decided that the second group (G-2) should be partitioned into
sub-groups and re-analyzed. Also, the third possible explanation
regarding false negatives in G-3 was not dismissed because interviews for
saveral schools in G-3 revealed new evidence of stronger programs than
was originally documented in their submitted evidence.




P

The individual hypothesis ratings from the programs led us to investigate
the second possibility. Toward that end, we further divided G-2 into two
sub-groups, G-2A and G-2B, according to whether or not the program had
been visited. We then recomputed between-group means and t-tests:

G-1 vs. G-2

G-1 vs. G-2A

G-1 vs. G-2B

G-1 vs. G-3

G-2A vs. G-2B

G-2A vs. G-3

- G-2B vs. G=3
G-2 vs. G-3

The statistics related to exemplariness for G-2A and G-2B are:

N mean standard deviation
G-2A N 61.8 8.65
G-2B 21 56.4 5.96

[In the following data, 1, 2, 3, 2A, and 2B refer to the respective
groups G-1, G-2, G-3, G-2A, and G-2B.]
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Table 1

STUDENT'S t-TESTS BETWEEN GROUPS FOR EACH
OF 11 HYPOTHESIZED FACTORS OF EXEMPLARINESS

l. The community values mathematics achievement and these values are
effectively communicated to students -- the students want to learn.
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4.

The whole program is structur
students, so that students
of courses and levels to maximize success.
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5.

6.

High expectations for success in mathemati
effectively communicated to students.
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| .
| 7. Class time is used efficiently by both teachers and students.
|
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3. Mathematics teachers spend considerable extra time working with
Students and/or preparing materials.
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9. Staff are dedicated and function as a cohesive, sharing, and mutually

supportive unit.
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10. Exemplary programs are characterized hy the kind of leadership that
results in a well-run, well-organized denartment that frees teachers
from non-instructional distractions.

i.l . "9/ t OF ! I
T,. .5 ez _ ST 273 & 4., 008
T, XL el __F. 208 4.?'-0“-‘:
‘ 223 ; 0/0 S~3 11,0005
72‘.7:” t1-2a cd/ Y 24| Ns
T o
AR 7 t-8__ 2 2506 F3 i.0005
Al F. 45 2 3 6 |coos™
t28-3 .09/ ¥ 3 |NS 3
QA8 2 oF0 2 7 |ovos”




11. Exemplary programs are characterized by leadership that makes it
possible for teachers to feel and ac

stimulates questionning,
professional interactions
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Table 1 reveals that, with two exceptions (t1-2 for hypothesis 4 withect =
.005 arid t2-3 for hypothesis 11), tl1-2, t1-3, t2-3, t1-2B, t2A-2B all
reflect significance at the level ,0005 for all hypotheses. Thus,
generally, the two higher-rated groups outperformed the lower-rated G-3
on all hypotheses (except for hypothesis 11 between G-2 and G-3).
Furthermore, the fact that G-1 outperformed both the entire group G-2 and
its subgroup G-2B, seem to imply that the method of data-collection --
site visit versus telephone/mail -- was critical. This conclusion gains
strength from an inspection of the significance levels across the 11
hypothesized factors for t1-2A: with the exception of one (.025 for

_ _hypothesis 7), all are greater than or equal to .1. Since fully 5 of the

- - 11 hypotheses relate to how teachers interact with students or with each
other, the conclusion seems reasonable.

The comparisons between groups G-2B and G-3 vary considerably. G-2B
outperformed G-3, for three hypotheses (4, 5, and 8), but the comparisons
are insignificant for the other eight hypotheses. The reasons for the
variance are not clear, though as we mentioned above, some of the
programs in G-3 appeared from telephone interviews to be more exemplary
than their original submissions of evidence and panel ratings would have
indicated.

While the t-test data show the strength of all 11 hypothesized factors, 3
of them appear especially strong because of the consistency of the
t-scores across all group comparisons. They are hypothesis 4 (curriculum
ownership), hypothesis 5 (consistently high expectations), and hypothesis
8 (extra teacher time).

Correlation analysis was the next stage of analysis. Our purpose was to
attempt to learn which hypotheses demonstrate relatively more or less
impact. We therefore carried out two kinds of analysis:

A. Within- and across-group correlations between individual hypothesis
raw scores and the sum of all hypothesis scores. This is analogous
to an item analysis of test scores to determine which items
contribute most to the overall effect.

B. Within- and across-group correlations between hypothesis raw scores
and the total score of exemplariness ratings by the expert panel in
the first year of the study (the weighted sums of ratings in seven
categories of student outcomes). This was done to indicate which
hypotheses are most strongly related to outcome measures of
exemplariness.

e carried out Task A and Task B, and the relevant numbers follow in
Table 2:




Table 2

Task A. The Pearson Product Moment Correlation Coefficients for the
across-group analysis between individual hypothesis raw scores
and the sum of all hypothesis scores are (for hypotheses 1
through 11):  (N=76)

.69
77
.82
.80
.87
.84
.84
.83
.78
.86
.86
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Task B, The coefficients for the across-group correlations between
individual hypothesis raw scores and the panel's ratings on exemplariness
(in year one) are: (N=76)

47
.52
.51
.44
.66
.49
.50
.57
. .30
10. .42
11. .38
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Findings from Tasks A and B.

The results from Task A lead to one clear conclusion: all of the
hypotheses are highly correlated with the sum of hypothesis scores,
implying a strong role for each. Furthermore, the coefficients in Table
2 for Task A serve as approximate measures of the reliability of each of
the hypotheses. With that in mind, one can note that, while the first
hypothesis -~ the background hypothesis -- is highly correlated with the
sum of hypothesis scores, it sits relatively lower than each of the
others. This might imply slightly less reliability for the first
hypothesis.

Using this notion that the coefficients in Table 2 - Task A reflect
approximate reliability, one can note that the hypothesis concerning high

expectations (hypothesis 5) and the two concerning leadership (hypothesis
10 and 11) have the highest approximate reliability.
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The statistics from Task B also lead to several conclusions. They tend
to corroborate the sense of our site visitors that all 11 of the
hypothesized factors are positively correlated with the excellence of
programs as measured by student outcomes. A glance at the two hypotheses
most highly correlated with excellence is also telling, in that they tend
to corroborate the site visitors' sense about the importance of the
teachers' behavior (reflected in 5 of the 11 hypotheses). The hypothesis
with the highest correlation (hypothesis 5) pertains to the communication
of high expectations, and the second highest (8) partains to the amount
of extra time teachers spend with students or preparing student-related

- -materials. The fourth highest hypothesis (3) pertains to one of the

~ wajor ways in which we observed teachers devoting their extra time --
making sure each student's chances for success are maximized through
flexible and appropriate placement. Recall that hypotheses 5 and 8
appeared especially strong in the t-tests of Table 1.

A comment should be made about the fact that Task B coefficients are
lower than Task A coefficients. Task B coefficients expiress the’
correlation between process scores and outcome scores, while Task A
coefficients express the correlation between individual process scores
and the sums of individual process scores. In the latter case, there is
less independence betwaen the groups of scores being correlated, and
hence there is a greater chance for nigher correlation coefficients.

At this point, it is interesting to compare the t-test and correlation
statistics from Tasks A and B with the qualitative data reflested in the
28 brief case-study profiies of the visited sites (Table 3, Attachment 3
Abbreviated Case Studies). In these profiles, the 20 programs that
included high school grades or junior high-high school combinations are
grouped together, as are the 8 programs that included no high school
grades.

We believe that the information in these brief case studies corroborates
the relative importance of the following three hypotheses in the
correlation analysis:

e High expectations for success in mathematics are consistently and
effectively communicated to students.

¢ Mathematics teachers spend considerable extra time working with
students and/or preparing materials.

e The whole program is structured, and understood by staff and
students, so that students can and do move flexibly within an array
of courses and levels to maximize success.
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ror a few hypotheses, however, the statistics and the brief case-study
data appear at odds with each other -- in particuiar, these two
hypotheses:

Exemplary programs are characterized by leadership that makes it
possible for teachers tv feel and act as professionals, and that
stimulates questioning, sharing, and taking part in ongoing
professional interactions (abbreviated "vision, stimulates
professionalism”),

Staff are dedicated and function as a cohesive, sharing, and mutually
supportive unit (abbreviated "mutually supportive, sharing,
collegial),

We believe that a reading of the 10 full case studies and a reading of
the profile remarks for the 28 programs corresponding to these 2

hypotheses reflect the power of these factors that we, the site visitors,
saw in many of the 28 programs. There are several possible explanations

for the discrepancies between quantitative and qualitative data for these

two hypotheses. First, as we have noted before, there was no
infallibility about the excellence ratings. Despite the extensive

written correspondence and telephoning that went in to the collection of
the data on which the ratings were based. <ome schools sent us

insufficient or incomplete data. Schoo: .. from Table 3 (Attachment 3)
is a good example. Of the 28 programs visited, it was one of the lowest
rated, in part because they failed to communicate the full extent of

course participation and extracurricular involvement in mathematics.
Second, for the schools not visited, the persons interviewed by phone
were most often the program leaders, and this may have affected the
quality of data gathered about leadership. Finally, the profiles reflect
how informal much of the staff collegiality and communication was, and so

it was a difficult factor to pin down by telephone or mail. Given their
apparent roots, the discrepancies appear to argue once again for the

value of the site visit as the primary mechanism for gathering data about
teachers' or leaders' behavior.

These two hypotheses, along with several of the others, are discussed in
more detail in the separate project reports, "Leadership in Excmplary
Mathematics Programs" and "A Formula for Success in Teaching
Mathematics.” The information there amplifies on what is contained in
Table 3 (Attachment 3).
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Implications/Recommendations.

A Study of Exemplary Mathematics Programs has been an exploratory study,
the purpose of which has been to identify and investigate factors
associated with excellence in precollege mathematics, and to identify

which of those factors are strong candidates for further, more focused
research.

We believe that, through the 11 hypotheses discussed above, a list of
some of these factors has been identified. Both the quantitative data in

~--Tables 1 and 2 and the qualitative date in Table 3 bear this out,

Consequently, we iiave several implications and they are of two different
kinds: implications for further research and implications for practice.

Implications for Further Research

1. We recommend that any study of the teacher or leader factors amon
the eleven ﬁxgotﬁesizea factors include a component of on-site research
that is longer -- perhaps through repeated visits -- than the two- or
three-day visit that typified our study. As noted before, in certain of
their manifestations, some of the 11 hypotheses pertain to qualities of

teacher and leader behavior that can be most appropriately captured in
on-site research. Furthermore, we were limited to a maximum of two and a
half days per site visit and, while this proved adequate for most aspects
of our investigation, we felt that our study of several of the more
subtle factors -- visionary leadership and teacher collegiality, for
example -- was too circumscribed by time constraints. Also, we were
generally able to interview 4 or 5 individual teachers and 3 or 4
individual students per site. A larger number at each site, interviewed

without the constraints of such a hectic schedule, would have been
preferable.

2. We recommend that a study similar in objectives to ours be conducted
with an elementary school focus. The relatively smal) percentage of
elementary school programs among the 28 programs visited was consistent
with the relatively small percentage of elementary school programs in our
original pool of 150 programs which sent us evidence of excellence in
student outcomes. Therefore, though we find the depiction of elementary
school factors contained in the case study called “Dawson Elementary
School” and School 4 in Table 3 to be generally consistent with what we
found in secondary school programs, we hesitate to generalize.

One intriguing possibility for such investigation presented itself at
"Dawson Elementary School®, a school which has adopted the Comprehensive
School Mathematics Program (CSMP), a K-6 curriculum developed at CEMREL
with NIE funding in the 70s and early 80s. The teachers at Dawson seemed
remarkably adaptive and innovative, and have been adept at supplementing
CSMP where they have felt it appropriate. One fourth-grade teacher
remarked about a particularly imaginative exercise she had designed for
her class, “I couldn't have done that before CSMP.* We are unaware of
any research that profiles the ideal adopters of such comprehensive
curricula as CSMP or Developing Mathematical Processes (DMP). Such a
study would be both interesting and beneficial.
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3. We recommend further research into hypothesis 3, related to flexible
placement of students, to enumerate and analyze successfu strategies.
Both the quantitative data in Table 2 and the qualitative data in Table 3
confirm how noticeable were the efforts at flexible and appropriate
student placement in the programs we visited. Some of the programs were
outstanding in their refusal to accept a student's placement as a
self-fulfilled prophecy. An example of such a program is the junior high

school called Sampson Middle School in its case study and listed as
school 5 in Table 3.

© ~ The norm for American schools is apparently different. As Lanier
mentions in a discussion of ninth-grade mathematics, “A survey (Belli,
1980) of mathematics chairpersons in Michigan secondary schools revealed
that . . . regardiess of how students entered their respective tracks,
there is a ?trong tendency for them to remain there as long as they stay
in school.”{6, - 63) Qur study was able to sense that many exempliary
programs employ mechanisms -- usually based on fluid teacher-teacher or
teacher-guidance communication -- to keep placement flexible. Our study
was not set up, however, to probe deeply into how effectively these
strategies touch individual students, especially in the lower iracks.

4. We recommend that there be further, more focused study into the
implementation of exemglary strategies for generai mathematics courses.
Une of the persistent messages from the General Mathematics Project has
been that genera] mathematics students consistently get
short-changed.(ﬁ) Unfortunately, this was also true at some of the

programs we visited. There were quite a few exceptions, however, and so
further research js in order.

Examples from our study of exemplary approaches to the lowest-level
9th-grade student:

¢ School 27 (Table 3), case study "Trinity High School®

¢ School 20 (Table 3), case study “Taylor High School"

¢ School 24 (Table 3)

In all 3 of these cases, as well as in others, the teachers thought
carefully about general mathematics and put considerable effort into
their curricula -- in the case of School 27, 150 teacher-developed
worksheets were created .

5. We recommend further research into the conditions under which teacher
colleg1ai1t§ ijs conducive to improving the guaiitz of school mathematics
programs and conditions under which collegiality can be enhanced for
teachers. Conditions in several of the 28 programs (e.g., schoo}l 9, case
study "tast High School*) were such that collegiality is almost
impossible. But our qualitative data reveal that many of the staffs we
visited value it highly -- using it in many instances to unify and
sustain their intolerance of failure. If, as Rosenholtz and Kyle have
recently written, "without professional dialogue there is little
oppor?unity fgr teachers to develop common goals and the means to attain
them"(7, P13}, such further research would seem to be highly advisable.
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6. We recommend research into conditions under which consistency -- with
a_singTe teacher and across an entire aegartment -= can be sustained as a
component of the severa hypothesized factors in which it appears
essential. In particular, we recommend attention to the very promising
hypotheses concerning the setting of high expectaticns and the

maintenance of a supportive classroom environment, where consistency
seems L0 be of paramount importance.

n his paper,. Good notes that “there has been
11ttle study of the effects of teachers' subject matter knowledge on
student learning in classroom settings.*(3, 9-12)) Our study was not
set up to make conclusions about the jssue, but there were several
reasons for us to wonder about it. For example, the mathematics chairman
of School 16 in Table 3 (case study “The Summit Schooi”) told us that he
thought subject matter knowledge is important “because it frees my
teachers up to share ideas about teaching and curriculum with each
other. They're not so defensive about not knowing the material." As a
result of such intriguing prospects, we recommend further research.

/. ¥e recommerd that there be further research into the effects of
;_;teac’er subject matter Knowledge on mathematics instruction and student
learning in mathematics. In h d

Implications for Practice

8. MWe recommend that there be concerted efforts to provide training for
scnool mathematics leaders -- rimarily department heads, but also
teachers who assume 1eaaersﬁig roles, and certain administrators. The
eadership profiles from Table 3 run counter to the norm 1n school
programs, as the research in high szhools of Gene Hall and his colleagues

indicates. In a rgcent article, they describe the typical
situation: (4,p. 61

“All too often, department heads report that their role is basically
one of checking books in and out, keeping records, passing on
communications from ‘above,' and ordering supplies. In general, they
do not appear to have the time or opportunity to serve as active
leaders, nor do they see themselves as having responsibility for
initiating or facilitating change. Their select:on typically has
little to do with leadership ability and training for the role is
nonexistent. . . . Further, there frequently is not einough staff
unity and identity with the department for it to automatically serve
as a unit for the adoption of major changes in high schools."

As Table 3 indicates, many of the mathematics leaders we encountered were
quite different from this typical profile. The capsule description of
the department head in School 19 given by the site visitor stands as a
description of many others in the 28 programs: "“He is a strong,
competent, supportive, and aggressive department chair, who holds it all
together.*
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Much that these leaders do so well can be learned by others in similar
positions. They facilitate the communication within their programs and
between their programs and persons and entities outside the programs.
They maintain high levels of professionalism and involvement among their
programs' teachers. They maintain consistent and clear focuses within
their programs on student success and involvement in mathematics. And so
on. Yet, as Hall points out, training for these leaders has been
practically nonexistent. Therefore, we recommend that training programs
be initiated to take advantage of what we see as a viable force for
improvement in school mathematics programs.

" 79. We recommend that there be some organized and focused mechanisms for
communication among mathematics ,eaders. Like Recommendation 8, this is

a corollary of our conclusion that leaders at the program level can play
a key role in program improvement. Among the exemplary program leaders
from our study, there was a-small but significant list of items about
which they were not in total agreement. For example, we heard both sides
of the issue of whether to teach algebra in the eighth grade.
Furthermore, many of these leaders are highly enthusiastic about
mathematics competitions, but a few others wondered whether competitions
don't merely encourage the learning of tricks at the expense of learning
how do do mathematics. The list continues, through opinions about
computer programming languages and the usefulness of software, the
limitations of texts, and so on.

The communication mechanisms could take the form of occasional local or
regional roundtable discussions under the auspices of the National
Council of Supervisors of Mathematics, or a series of broader,
foundation-funded conferences. In any case, it is important that school
mathematics leaders have some vehicle through which they can talk and
listen to each other.

10. We recommend the development of a teacher-training tape that
illustrates exemplary teaching applied to difficult concepts and
rocesses. We observed over 125 classes in our site visits. As our
hypotheses reflect, we were generally favorably impressed with the
teaching skills we observed. As our case studies reflect, however, there
were several points of dissatisfaction -- namely, in the large number of
classrooms where teacher questioning patterns were too tied to the
textbook and built around sequences of single-answer questions, and in
the large number of classrooms where the teachers' flow of instruction
left sizable pockets of students who gave no indication of understanding
or not understandinyg. In particular, we saw few attempts to use
questions in the mathematics classrooT for all of the purposes identified
by Johnson and Rising:{cf 5 or 2, p.4
1. To motivate students to consider a new topic: “What are some
four-sided geometric figures you can think of?"
2. To challenge: “What evidence do you have for thinking that?"
3. To provoke student interaction: "Bill, do you agree with what Martha
said?"




wrans

To get students to evaluate: “How do you think your method would
work on this next probiem?"

To focus on process: "What method did you use on that probiem?"

To guide: "Do you remember a problem similar to this one?®

To diagnose: "How did you get that answer?"

To review: “What are some of the things you've learned so far about
triangles?"

To encourage exploration: "Can you find a pattern in those numbers?"
To invite student questions: “"What questions does this information
leave unanswered?"

To enhance transfer: "How could you use that result in this new
situation?*

In a recent paper, Good has written, "I believe that teachers would
benefit from viewing videotapes of competent, talented teachers
conducting classroom activities related to key concepts or issues
(variable, ngntum theory, place value, equivalent

fractions.)*

» P-16) We would extend that recommendation and

recommend that such a videotape include exemplary questioning behavior
and illustrations of clinical interviewing [cf Confrey (1)],
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the resource exchange for educational services

Februarv 8, 1985

Dear Colleague:

The two-year Study of Exemplary Mathematics Programs is over, and I

have enclosed some of the products of the study, which I thought might
Board of Directors interest you. The full complement of products includes 10 full case

studies, 28 brief case studies, a final report, 6 articles, and

g-:'-wmug,e, several papers from which the articles have been drawn.

“.:“;O%.,".‘(r‘:.p,..-m

“W Conectct T have expressed my gratitude to you before, and won't belabor the
PobertE. Boose ~ point, except to say that you are the heart and soul of the project.
Roser Caetl O ¢ And I don't want our contact to end with this letter. I have enclosed

Unarsiy o Ssmemiiane @ Sheet of paper on which we would 1ike your comments. In particular,

A . Lowson we would 1ike your comments about the 11 factors which the 3 site

K g cwon  yisitors hypothesized as influential in the excellence of the programs

Newion - Spasding St e yisited and studied, and which were all shown to be influential (to

varying degrees, of course) in subsequent analysis. What do you think

s of them, as they apply to your program? Have we left anything out?
rorwrverns We would be delighted to hear from you.

Le—um

NH
Robert L Srunetle. Cheic

?gﬂm“-mgeg, We are also pursuing other means to stay in touch with you and other
Aol Bonav.ViceChalr axemplary programs. I am seeking funding for a Conference on
ST Wesichester Excellence in Mathematics and for the development of a videotape to be
s e i ieners Used for the training of teachers, which will highlight the exemplary
n teaching of some of the teachers from our study. Finally, and most
Aommisioner of £ ambitiously, we are hoping to launch a Schooi Mathematics Leadership
2’:,:?,:,‘;;,‘,:"'&"” Center. The research literature implies that, at the program level,
ms leadership (usually in the form of department heads) is not very
o Somssor er of £ effective in bringing about change. We saw many, many exceptions to
Dracior o ratuction this in our study and want to set up a mechanism -- our Center -- by
hRrkngrer which mathematics leaders can train to be more effective.

J. Lynn Griesemer
Executive Director

Dougies 8. Fleming So, chances are you will be hearing from us again. In the meantime,
Wi miie R all of us -- Larry, Elsa, Sue, Steve, Jere, Kay, Bob, and I -- hope
Research and you and your colleagues continue to thrive.
Techncal Assstance

Sincerely,

Mark Driscoll, Ph.D.
Principal Investigator

encls.
MD:em
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Please rate the importance for your exemplary program of some of these hypotheses.

1. The community values mathematics achfevement and these values are
effectively comunicated to students -- the students want to learn.

2, Exemplary programs are characterized by the kind of leadership that
results in a well-run, well-organized department that frees teachers

from non-instructional distractions.

3. Exemplary programs are characterized by leadership that makes {t
possible for teachers to feel and act as professionals, and that
stimulates questioning, sharing, and taking part in ongoing

professfonal interactions.

4. Homework plays an important role -- in amount and frequency, in the
feedack given, and in 1ts comnection to classroom practice.

5. The whole program s structured, ard understood by staff and
Students, so that students can and do move flexibly within an array
of courses and levels to maximize success,

6. The curriculum has the blessings of the mathematics staff. If they
have not had a hand in developing the curriculum, they have at least
adapted to 1t and developed a sense of owmership of it.

7. High expectations for success in uﬁtﬁmtlcs are consistently and
effectively commmicated to students,

S. There is a consistently supportive environment for learning in the
classroom that accomodates risk-taking.

9. Class time 1s used efficiently by both teachers and students.

10, Mathemtics teachers spend considerable extra time working wi th
Students and/or preparing mater{als.

11. Staff are dedicated and function as a cohesive, sharing, and mutually

Supportive unit.

COMYENTS : '

BEST COPY AVAILABLE

Return to:

Mark Driscoll

Northeast Regional Exchange
34 Littleton Road
Chelmsford, MA 01824 32
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Annotated Bibliography

Fieid research for the Study of Exemplary Mathematics Programs developed
the following hypotheses for factors associated with exceilence in
precollege mathematics:

1. The community values mathematics achievement and these values are
effectively communicated to students -- the students want to learn.

'y
]

T 2. Homework plays an important role -- in amount and frequency, in the
feedback given, and in its connection to classroom practice.

3. The whole program is structured, and understood by staff and
students, so that students can and do move flexibly within an array
of courses and levels to maximize success.

4. The curriculum has the blessings of the mathematics staff. If they
have not had a hand in developing the curriculum, they have at least
adapted to it and developed a sense of ownership of it.

5. High expectations for success in mathematics are consistently and
effectively communicated to students.

6. There is a consistently supportive environment for learning in the
classroom that accommodates risk-taking.

7. Class time is used efficiently by both teachers and students.

8. Mathematics teachers spend considerable extra time working wi th
students and/or preparing materials.

9. Stuff are dedicated and function as a cohesive, sharing, and mutually
supportive unit.

10 Exemplary programs are characterized by the kind of leadership that
results in a well-run, well-organized department that frees teachers
from non-instructional distractions.

11. Exemplary programs are characterized by leadership that makes it
possible for teachers to feel and act as professionals, and that
stimulates questionning, sharing, and taking part in ongoing
professional interactions.

Further research has indicated that the factors seem to vary in
importance, but researchers for the study believe all are worthy of some
attention. Therefore, we have developed the following annotated
bibliography of articles, documents, and books that touch on one of more
of the hypotheses. These are suggested readings, and in no way
constitute a comprehensive 1ist. They are grouped under four
categories: General, Curriculum and Its Implementation, Leadership,
Teachers and Teaching.




I General

Alexander, William M. and Paul S. George. The Exemplary Middle School.
New York: Holt, Rinehart and Winston, 1981

A basic textbook for students in the field of middle school
education. It defines the middle school concept, describes in detail
the characteristics of exemplary middle schools and i1lustrates the
implementation of these characteristics in practice.

Hurd, Paul DeHart. "State of Precollege Education in Mathematics and
Science." Paper presented at National Convocation on Precollege
Education in Mathematics and Science, May 12-13, 1982, Washington, DC:
National Academy of Sciences and National Academy of Engineering.

This report identifies trends and issues facing precollege education
in mathematics and science. By synthesizing a variety of reports and
surveys, it provides a clearer statistical profile of such converging
trends as achievement declines, the growing shortage of qualified
teachers, and so on.

Driscoll, Mark J. Research Within Reach: Elementary School
Mathematics. Reston, VA: National Council of Teachers of Mathematics,
lggll

Driscoll, Mark J. Research Within Reach: Secondary School Mathematics.
Reston, VA: National Council of Teachers of Mathematics, 1982.

These two books, based on interviews of national samples of teachers,
identify topics or special interest to teachers and interpret the

research literature for each topic in a separate chapter. Each
chapter contains suggestions for classroom practice.

Penick, John E. and Richard Meinhard-Pellens, editors. Focus on
Excellence. Vol. 1, numbers 1-5. Washington, DC: National Science
Teachers Association.

These five monographs have been drawn from the 1982 Search for
Excellence in Science Education of the National Science Teachers
Association. They describe exemplary programs and practices in the
following areas: Science as Inquiry, Elementary Science, Biology,
Physical Science, and Science/Technology/Society.

Carpenter, Thomas P., et al. Results from the Second Mathematics
Assessment of National Assessment of Educational Progress. Reston, VA:
National Council of Teachers of Mathematics, 1987.

This book summarizes the results of the Second Mathematics Assessment

-- a profile of what American students know and don't know in
mathematics at ages 9, 13, and 17. 3

Hart, K.M., -editor. Children's Understanding of Mathematics: 11-16.
London, England: John Murray Ltd., 1387,

From a British enterprise similar to the American National )
Assessment, this report describes in detail what British children
know and don't know about mathematics. The study included interviews
and some attempts at remediation. Hence, suggestions for instruction
abound.




II Curriculum and Its Implementation

Clement, John, Jack Lochhead, and George S. Monk. “Translation
Difficulties in Learning Mathematics." The American Mathematical
Monthly. wvol. 88, No. 4, April 1981, pp. 286-289.

Herscovics, Nicolas and Carolyn Kieran. "Constructing Meaning for the
Concept of Equation." The Mathematics Teacher. Vol. 73, No. 8, pp.
572-581, November 1980.

Rosnick, Peter. "Some Misconceptions About the Concept of Variable."
The Mathematics Teacher. Vol. 74, No. 6, September 1981, pp. 418-420.

These three articles discuss various aspects of students' difficulty
in learning algebra. Each, especially the article by Herscovics and
Kieran, offers suggestions for instruction.

Confrey, Jere and Perry Lanier. "Students' Mathematical Abilities: A
Focus for the Improvement of Teaching Genera! Mathematics." School
Science and Mathematics. Vol. LXXX, No. 7, November 1980, pp. 549-556.

Some results from a study of general mathematics curricula, citing
some of the mathematical abilities where general mathematics students
compare unfavorably with many of their peers who are in higher tracks.

Erlwanger, Stanley H. "Case Studies of Children's Conceptions of
Mathematics - Part 1." Journal of Children's Mathematical Behavior.
Vol. 1, No. 3, Summer 1975.

Interviews with several elementary school students that revealed some
basic misconceptions about mathematics.

Hansen, Viggo P., editor. Computers in Mathematics Education: 1984

Yearbook. Reston, VA: National Council of Teachers of Mathematics, 1984.

This yearbook gives a comprehensiva 1ook at the impact of the
computer on the mathematics curriculum.

Hilton, Peter. “Current Trends in Mathematics and Future Trends in
Mathematics Education." For the Learning of Mathematics. Vol 4, No. 1,
February 1984, pp. 2-8.

A proposal for changes in elementary and secondary mathematics
curricula and instruction in light of trends in mathematics.

Hoffer, Alan. "Geometry is More than Proof." The Mathematics Teacher.
Vol. 74, MNo. 1, January 1981, pp. 11-18.

The article describes, with examples, the five levels of development
in geometrical thinking as represented in the van Hiele model. It
also discusses the kinds of instructional activities that correspond
to each level.




Siskin, Zaiman. “Wnhat Should Not be in the Algebra and Geometry
Curricula of Average College-Bound Students?" The Mathematics Teacher,
Vol. 73, No. 6, September 1980, pp. 413-426.

The article's title is self-explanatory. A set of fervid and

somewhat controversial recormendations about eliminating topics from
the algebra and geometry curricula.

Il Leadershig
Ad Hoc Committee on Applied Mathematics Training. The Role of
Applications in the Undergraduate Mathematics Curriculum.

> - TWashington, DC: WNational Academy of Science, 1979,

Conference Board of the Mathematical Sciences. New Goals for

Mathematical Science Education. Washington, DC:~ Conference Board of the
Mathematical Sciences, 1984,

Two commi ttee reports that raise issues and recommendaticns demanding
the attention of leaders in mathematics education.

Hall, Gene E., et al. “Change in High Schools: Rolling Stones or Asleep
at the Wheel?" Educational Leadership. March 1984, pp. 58-62. '

A report of a study that chowed, among other things, how 1imited the
high school department head is as an agent of change.

Stanford Engineering and Management Systems Company, Inc.

Visionary
Leaders (Interim Report). Arlington, VA: Stanford Engineering and
Management Systems, Inc., July 1983.

A report of a study of business leaders reveal ing distinctions
between leader as manager and leader as visionary. It offers food
for thought for educational leaders, in particular, leaders in
mathematics education.




IV Teachers and Teaching

Floyd, Ann, editor. Developing Mathematical Thinking. London:
Addison-Wesley, 198i.

A collection of articles on the theme of how children learn to
investigate and solve mathematical problems. It contains case
studies, articles on the psychology of learning, etc., with
suggestions for classroom activities. It is especially targeted to

the nonspecialist teachers of mathematics of children between the
ages of 5 and 14.

Good, Thomas L., Douglas A. Grouws, and Howard Ebmeier. Active
Mathematics Teaching. New York: Longman, Inc. 1983.

A description of the Missouri Mathematics Effectiveness Project, a
study of intermediate and junior high school classrooms, with a
discussion of implications for classroom teaching. The project has
identified an effective program for mathematics instruction -- a
combination of problem solving, review, practice, and new material.

Lochhead, Jack and John Clement, editors. fognitive Process
Instruction: Research on Teaching Thinking SkiTTs. PhiTadelphia, PA:
e Franklin Institute Press, 1979.

A set of presentations from a 1978 conference on teaching thinking
skills in all disciplines.

Mason, John, with Leone Burton and Kaye Stacey. Thinking
Mathematically. London: Addison-Wesley, 1982,

This is a manual for developing mathematical thinking, a series of
mathematical questions posed throughout. It is designed "to show how

to make a start on any question, how to attack it effectively and how
to learn from the experience."

Whimbey, Arthur. “Students Can Learn to be Better Problem Solvers."
Educational Leadership. Vol. 37, No. 7, April 1980, pp. 560-565.

The author suggests and describes some innovative techniques for
students to interact in a way that facilitates problem solving.
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MATHEMATICS TEACHER, March

If there are aspects of your mathematics program
that are particularly strong in your middle
schooi, Junior high, or high school, we are

looking for you.

The National Institute of Education has funded the
Northeast Regional Exchange, Inc. to conduct a

PROGRAMS. We ask your help in identifying
exemplary programs, If your district or building
is producing excellent results, please write to us
and ask to participate in this important study.
de will send you more information about the study
and a questionnaire to assist in the description
of your mathematics program.

Each school that completes the questionnaire will
receive compl imentary mathematics resource
materials for their efforts.

Requests for participation in A STUDY OF EXEMPLARY
MATHEMATICS PROGRAMS may be addressed to:

Dr. Mark J. Driscoll, Principal Investigator
Northeast Regional Exchange, Inc.
101 Mi11 Road
Chelmsford, MA 01824
(617) 256-3987

/////
SAress

nationwide  STUDY OF EXEMPLARY MATHEMATICS -
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A STUDY OF
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. MATHEMATICS
PROGRAMS

CAN YOU NOMINATE SOME SCHOOLS TO BE INCLUDED IN A STUDY OF
s EXEMPLARY MATHEMATICS PROGRAMS?
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THE NATIONAL INSTITUTE OF EDUCATION HAS FUNDED THE NORTEEAST
REGIONAL EXCHANGE, INC. TO CONDUCT A NATION-WIDE STUDY

OF EXEMPLARY MATHEMATICS PROGRAMS IN MIDDLE, JUNIOR AND
HIGH SCHOOLS. WE WILL COLLECT QUESTIONNAIRE DATA FROM
SEVERAL HUNDRED SCHOOLS AND VISIT APPROXIMATELY TWENTY-FIVE
SITES IN AN EFFORT TO DETERMINE WHAT FACTORS CONTRIBUTE TO
THE SUCCESS OF EXEMPLARY SCHOOL MATHEMATICS PROGRAMS. YOUR
ASSISTANCE IN IDENTIFYING SCHOOLS WHICH HAVE STRONG PROGRAMS
WILL CONTRIBUTE TO THE THOROUGHNESS OF THE STUDY. PLEASE
URGE THE LOCAL DISTRICT OR SCHOOL TO WRITE FOR MORE DZTAIL
ABOUT THE STUDY AND FOR A COPY OF A BRIEF QUESTIONNAIRE TO
ASSIST IN THE DESCRIPTION OF THE MATHEMATICS PROGRAM,

JRTE O

-, ERWY .

PARTICIPATING SCHOOLS WILL RECEIVE COMPLIMENTARY MATHEMATICS
RESOURCE MATERIALS FOR THEIR EFFORTS.

: REQUESTS FOR PARTICIPATION IN A STUDY OF EXEMPLARY MATHEMATICS
PROGRAMS MAY BE ADDRESSED TO:

A h P A UL VMM e ke 2 T W DGD0 MRS L A e w91 2y S 4SBT
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Dr. Mark J. Driscoll, Principal Investigator
Northeast Regional Exchange, Inc.
101 Mi1ll Road
Chelmsford, Ma 01824
(617) 256-3987
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" sent to approximately 700 mathemstics super

February 14, 1983

Dear Colleague,

On December 10, 1982 we began a two-year study, funded by the
National Institute of Education, of exemplary mathematics Programs
in middle schools, Junior high schools, and kigh schools. We are
writing to enlist your help in locating such programs.

In the first phase of the study, we intend to screen several hundred
school-based programs that have been nominated by the schools’
mathematics department heads or principals. Programs must have been
in operat’on for at least one year. 1n order to be a candidate, a
schodl program need not be exemplary throughout. Indeed, we expect
to find many programs that have one or more c.tstanding components
== for example, exemplazy honors, gecmetry, remedial, or computer
science programs, to name but a few of the possibilities. We want
such schools to participate in our study, as well as schools that
consider their entire programs exemplary. Please note that this is
a research project and not a contest.

Schools that request to take pPart in the study will be sent a
summacry of the study’s objectives and procedures, and they will be
asked to complete a questionnaire to collect background information
about their mathematics program. After schools have ccmpleted the
quastionnaire, we will convene a Panel of mathematics experts to
help screen questionnaire data and select approximately 25 schools
for further study through telephone interviews and site visits.

There are many ways in which a mathematics program might demonstrate
-~ exemplary qualities. This study will identify mathematics programs
- . that can be judged as exemplary on the basis of a variety of
Objective measures of student achievement, such as:

® scores on standardized tests

® number of students of particular distinction (@.g.,
Mathematics Olympiad, etc.)

® percentage of students taking advanced courses

® degree of student participation in
mathematics-related extracurricular activities

® number of graduates taking postsecondary
mathematics courses .

® extent of student entry into technical fields
requiring mathematics . .

@ other manifestations of exemplariness proposed by
individual schools. )
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As a mathematics supervisor, you are in an excellent
position to recognize successful mathematics programs in
the schools with which you work. Your help in urging
8chools with exemplary mathematics programs to participate
in the study will contribute to the success of this
important research.

We are asking you to contact schools that have mathematics
Programs that are exemplary in one or more of their
components. Schools which you believe have exemplary
mathematics programs can participate in the study by
requesting the questionnaire application form prior to
April 15, 1983. Por each school you contact, please give
the appropriate person for the mathematics program one of
the enclosed self-addressed postcards so tha: the school
itself may request to participate. Three self-addressed
postcards are enclosed for this purpose. Schools that
choose to submit questionnaires will receive free
mathematics resource materials and a report of the study's
findings regarding which factors contribute to exemplary
mathematics programs.

Sincerely,

Mark J. Driscoll

Principal Investigator

Study of Exemplary
Mathematics Programs

MJID:em
encls,
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sent to all Chief State School Officers

porihesst regionad exchange

101 MILL ROAD, CHELMSFORD, MA 01824 o 617 7 256-3987

March 7, 1983

Dear

On December 10, 1982 the Northeast Regional Exchange began a
two-year national study, funded by the Naticnal Institute of
Education, of exemplary mathematics prograns in middle schools,
Junior high schools, and high schools. The Principal Investigator
of the study is Mark Driscoll, author of the two volumes, Research
Within Reach: Elementary School Mathematics and Research Within
Reach: Secondary School Mathematics. We are writing to enlist your

help in locating exemplary programs for the study.

Anne L Bondy, Vice-Chair In the first phase of the study, we intend to 3Creen several hundred

school-based programs that have been nomainated by the schools®
Bathematics department heads or principals. 1In order to be a
candidate, a school Program need not be exemplary throughout.
Indeed, we expect to f£ind Bany programs that have one or more
outstanding components for example, exemplary honors, geometry,
remedial, or computer science programs, to name but a few of the
possibilities. We want such schools to participate in ocur study, as
well as schools that consider their entire programs exemplary.

Schools that fequest to take part in the study will be sent a
Summary of the study's objectives and Procedures, and they will be
asked to complete a questionnaire to collect background information
about their mathematics Program. After schools have completed the
qQuestionnaire, we will convene a panel of mathematics experts to
help screen questionnaire data and select approximately 25 schools
for further study through telephone interviews and gite visits,

There are many ways in which a mathematics program might demonstrate
exemplary qualities. This study will identify mathematics programs
that can be judged as exenplary on the basis of a variety of
objective measures of student achievement, such as:

® scores on standardized tests .

® number of students of Particular distinction (e.g., -
Mathematics Olympiad, etc.)

® percentage of students taking advanced courses

® degree of student participation in
Bathematics-related extracurricular activities

® number of graduates taking postsecondary
Rathematics courses

® extent of student entry into technical fields
requiring mathematicg

® other manifestationg of exemplariness proposed by

individual s -
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We have advertised in several professional journals, and we have
written to members of the National Council of Supervisors of
Mathematics asking for their assistance in locating candidate
schools for our study. We realize that school superintendents
constitute a rich source of knowledge about exemplary school
mathematics programs. We hope that you will help us to tap into
this source. 1In particular, we have enclosed a copy of a project
description with return mailer which you can reproduce and send to
superintendents, perhaps in your gtate newsletter. We are willing
to send you additional copies of this enclosure if you wish.

We are looking for schools which have programs that are exemplary in
one or more of their components. Schools which are believed to have
exemplary mathematics programs can participate in our study by
requesting the questionnaire application form before April 15,

1983. They can do so by sending us the bottom half of the enclosed
form. Schools that choose to submit questionnaires will receive
free mathematics resource materials and a report of the study's
findings regarding which factors contribute to exemplary mathematics
prograas. :

Once we have identified some of these factors, we will be in a
position to alert the entire educational community to ways to inject
the best into school mathematics programs and, in the process, to
make mathematics teaching a more attractive profession. We do not
need to remind you of the importance of that enterprise.

Thank you very much for your cooperation. We will be pleased to
respond to any questions or suggestions you wish to pass along.

Sincerely,

Je. Lynn Griesemer
Executive Director
Northeast Regional Exchange, Inc.

Mark Driscoll
Principal Investigator
A Study of Exemplary
Mathematics pPrograms

MD:em
encls.
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Larry Vaughan

sent to .

101 MILL ROAD, CHELMSFORD,

Dear:

- . participants

of Mathematics and Science Roundtable

poribens: regional exchange

MA 01824 e 617 / 256-3987

March 5, 1983

AS I described at the recent Mathematics and Science Roundtable,

we are appealing to mathematics supervisors,

through ads and a

letter, for help in identifying exemplary mathematics programs,

I have enclosed a copy of the letter for you as a reminder of the
nature of our study. and as a reminder of Ry request that you
help us to identify candidates for the study.

Please give the enclosed cards to school programs you think
should be part of the study. 1If you have any questions about our

request, please call Larry Vaughan or me at

NEREX.

As you may know, the Roundtable occurred shortly after I moved
from St. Louis. 1If any part of me was unaware of the richness
that defines mathematics and science education in this region, 1

was keenly aware of it after the Roundtable.
Part in that stimulating day.

MD/jmk
Enclosure
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Thank you for your

Sincerely,

Mark Driscoll
Principal Investigator
A Study of Exemplary
Mathematics Programs
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- nerihenst regiensl exchange

101 MILL ROAD, CHELMSFORD, MA 01824 e 617 / 256-3987

March €, 1983

Education Week

Deadlines Section

Suite 560

1333 New Hampshire Ave, NW

Washington, DC 20036

Please include the following in your Deadlihes Seccion.
Thanks.

April 15 -- Exemplary Mathematics Programs: Self-nominations
of school mathematics programs, grades 4 through 12, to
participate in "A Study of Exemplary Mathematics Programs,"
funded by the National Ihstitute of Education. Schools that
choose to participate and fill out a questionnaire will
receive complimentary mathematics resource materials.

Contact: Dr. Mark'Driscoll, Principal Investigator,

Northeast Regional Exchange, 101 Mill Road, Chelmsford, MA 01824,

Mark Driscoll
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A Study of Exemplary Mathematics Programs

ATTACHMENT 2

Correspondence with participating schools
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101 MILL ROAD, CHELMSFORD, MA 01824 o 617/ 256-3987

April 8, 1983

Dear

Thank you for your interest in "a Study of Exemplary Mathematics
Programs,” which is being conducted by the Northeast Regional
Exchange, under contract from the National Institute of Education. A
brief description of the project is included. Schools that respond,
4S you have, and request to take part in the study are asked to
supply information about their mathematics programs. We are asking
you to describe what you think makes your program exemplary, by
sending whatever information is readily available in the areas
outlined on the enclosed yellcw sheet, "Guidelines for Submitting
Information on Your Exemplary Mathematics Programs."

We need to have your information by May 15, in order to allow some
time, if necessary, for any further clarificatipn by telephone. On
May 27, we will consider our pool complete, and our panel of expert
consultants will select the sample of approximately 25 sites for
visits next Fall. '

;This study has tremendcus importance for the future of mathematics

education in our schoois, and therefore for our country. Ais members
of that mathematics education community, we are all acutely aware of
the present crisis in our field. we are convinced, however, that
there is much that is exemplary in school mathematics programs
throughout the country. vYour contribution will allow us to identify
and describe the makings of excellence for all of our country's
pre=college mathematics programs.

As a show of our appreciation for your contribution, we will send you
two documents., First, we will send you a summary of Researcn within
a2 collection of detailed answers to Questions raised by
teachers about the teaching of mathematics. Second, we will send you
an annotated bibliography of articles and documents relevant to each
of the components of exemplariness which our research unveils,

Again, thank you for your willingness to participate. Wwe appreciate
the time you are giving to this study. If you have questions, do not
hesitate to call me or Elsa Martz at 617/256-3987.

Sincerely,

Mark J. Priscoll
Principal Investigator
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A Study of

Exemplary Mathematics Programs

The Study of Exemplary Mathematics Proyrams began on December 10, 1982 with
funding from the National Instit:te of Education, and it will continue for two
years. The aime of this project are to: (1) collect a pool of exemplary
programs in pre-college mathematics beginning at grade four, (2) examine a
portion of that pool in considerable detail in order to hypothesize what
factors are associated with their exemplary qualities, and (3) provide a
systematic means to tust those hypotheses. Please note that this is a

research project and not a contest. Participation is voluntary and data or
names of individual programs will not be publicly released.

In the first phase of the study, we will screen several hundred school-based
programs that have been nominated by the schools' mathematics department heads
or principals. Programs must have been in operation for at least one year.
In order to be a candidate, a school program need not be exemplary
throughout. 1Indeed, we expect to find many programs that have one or more
cutstanding components «- for example, exemplary honors, geometry, remedial,
or computer gcience programs, to name but a few of the possibilities. We want
such schools to participate in our study, as well as schools that consider
their entire programs exemplary. '

The process of collecting our pool of mathematics programs will continue
throughout the spring. We will telephone many of our respondents for
clarification or further information. On May 27, 1983, we will consider our
pool complete. Then we will convene a meeting of expert consultants to guide
us in analyzing the data and in selecting approximately 25 sites from our pool
of candidate programs. The selection of gites will represent diverse aspects
of exemplary quality and types of programs, since the purpose will be to
maximize potentially useful information. These schools will be visited during
the Fall of 1983,

The site visits constitute the second major stage of the study. The sites
will be throughout the country. Some visits will extend over one and a half
days; others over two and a half days. The total set of information collected
will result in a set of case histories of several of the visited programs, and
a set of hypotheses about the factors associated with exemplariness.

In the third and last stage of the study, we will test all of our hypotheses
about exemplariness. We will then report our results to participants, to the
federal government, and at meetings and in journals to the mathematics
education community. Through these reports e will make mathematics educators
avare of the various aspects of exemplariness, how school programs can be
improved, and of the implications for further research. Indeed, all study
participants will share the primary reward by contributing to this significant
research study.

Mark Driscoll, Principal Investigator
Northeast Regional Exchange, Inc.

160 Turnpike Road

Chelmsford, Massachusetts 01824
617/256-3987
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GUIDELINES FOR SUBMITTING INFORMATION
ON YOUR EXEMPLARY MATHEMATICS PROGRAM

- gend us any information you have that supports your belief in the excellence

mathematics program you are presenting. Xeep in mind that we welcome the
ement of achools that consider only certain components of their program as
i” + 48 well as schools that believe their entire mathematics program to Le
8Ty. We hope that you will be able to provide your information in 4~5 pages,
jgorably 20 more than 10 pages; so that our Expert Panel can readily identify
jnificant elements of your program. In order to provide some guidelines for

‘3, we offer the following suggestions; however, we do not expect you to
2 -information in every category.

Hescription of exempla program. This might include:
‘courses, grade level(s), or populations involved
‘program objectives

‘flingth of time program has been in existence

iphic information that will assist us to group similar programs,
- programs for examination. This information might include:

‘type of school and grade levels

numbers of teachers and students in the school and in the
ethnic mix of students

yet selec:
program

i of excellence of results, or g eatly improved results,
8. This might include:
Lest scorer significantly above national norms

test scores significantly higher than might be expected from the student
population

participation in eritical math
advanced mathematics)

pltiicip&tion of typically underrepresented ethnic and socio-econcmic

in vour mathematies

ematics courses (e.g., geometry, algebra,

groups and femiles
?qcoqnizion of the excellence of your program from your peers in the
Bathematics education community (e.g., through awards to your program
OF the students in your program)
postgraduate involvement in mathematics (e.g., in technical jobs involving
thematics, in mathematics-related majors in postsecondary institutions)

Student participation in mathematics beycnd classroom walls (e.g., through
homework, clubs, and so on)

Any other measures You use to determine how well the program is meeting
its objectives,

.characteristics of your school or mathematics program that, in your
. dccount most for the excellent results. These mighz include:

pecial curriculum features {e.g., required and elective courses,
irticulation, evaluation techniques)

_} cial instructional features (e.g., instructional time, teaching
Itrategies, management systems)

ipecial learning opportunities for students,
2lassroom

’pecial training, development, or preparation activitics for staffs
Ixternal support (e.g., principal, school district, community)

either ingide or outside the

°u for providing us with information about your exemplary program and for
pating in our study. In case we need further infounation, please inclucde
}, address, and telephone number(s) of the person to be contacted regarding

ormation you are submitting on your program. If you have any questions,
© not hesitate to call us at 617/256-3987.

Mark Driscoll, 5gzncipal investiga:o:
Elsa Martz, Project Associate
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April 8, 1983
Dear

Thank you for your interest in "A Study of Exemplary Mathematics
Programs,” which 4is being conducted by the Northeast Regional
Exchange, under contract from the National Institute of Education. a
brief description of the project is included. Schools that respond,
43 you have, and request to take PArt in the study are asked to
supply information about their mathematics programs., We are asking
you to describe what you think makes your program exemplary, by
sending whatever information is readily available in the areas
outlined on the enclosed yellow sheet, "Guidelines for Submitting
Information on Your Exemplary Mathematics Programs.”

We need to havc'your information by May 15, in crder to allow some
time, if necessary, for any further clarification by telephone. On
May 27, we will consider our Pool complete, and our Panel of expert
consultants will select the sample .of approximately 25 sites for
visits next rall, e

" This study has t:emondous.impo:tance for the future of mathematics

education in our s hools, and therefore for our countsy. As members
of that mathematics education community, we are all acutely aware of
the present crisis in our field. We are convinced, however, that
there is much that is exemplary in school mathematics programs
throughout the country. Your contribution will allow us to identisy
and describe the makings of excellence for all of our country's
pre=college mathematics programs.

As a show of our appreciation for your contribution, we will send you
two Jdocuments. PFirst, we will send yOu a summary of Researcn Witain
Reach, a collection of detailed dnswWers to questions raised by
Second, we will send you
4n annotated bibliography of articles and documents relevant to sach
of the components of exemplariness which our research unveils,

Again, thank you for your willingness to participate. We appreciate
the time you are giving to this Study. If you have questions, do not
hesitate to call me or Elsa Martz at 617/256-3987,

Sincerely,

Mark J. Driscoll
Principal Investigatoer
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northeast regional exchange, inc

L
the resource exchange for educational services
-- - [ ija (::::) ‘:;:} \
- September 23, 1983
Dear

4

After an extensive review of evidence sent by 150 schools from around the
country, we have determined that your mathematics program is indeed
exenplary, and we would like to visit your program as part of A Study of
Exeaplary Mathematics Programs.

As you may recall, the study has been funded by the National Institute of
Education for two years. During the coming Fall we will visit
approximately 25 exemplary programs around the country, covering grades 4
through 12, to identify factors which sre associated with excellence in
aathematics instruction. Thus, when we have visited the 25 exeaplary
programs, we will have a set of hypotheses about factors contributing to
excellence. During the first half of 1984 we will test those hypotheses
with another set of schools and then report our results in the latter half
of the year. As I have mentioned to you before, .we will keep all of our
interactions with you completely confidential and, indeed, as we report
our results, we will keep all of the 25 programs anonymous.

A fev words about the organization we represent. The Northeast Regional
Exchange, Inc. (NEREX) is an educaticnal service and research organization
svxving Connecticut, Maine, Massachusetts, New Hampshire, New York, Rhode
Island, uind Vermont. The seven Commissioners of Education and other
educators on the NEREX Board determine regional priority areas for the
Exchange. These include writing, mathematics, science, computer
technology, effective schooly, and teacher education. At the present
time, the primary research focus at NEREX is our pational Study of
Exemplary Mathematics Programs.

BEST COPY AVAILABLE




As I arranged with you on the phone, two of our field team members will
visit you on November 14, 15, and 16. We will foliow this letter with a
more coaprehensive phone call in which we will lay the groundwork for our
visit - classes we will want visit, people we will need to speak with,
snd sc on. We are very excited about wisiting with you and learning
from you, and we are grateful for your cooperatiom.

Sincerely )
!

Mark J. Driscoll
Principal Investigator
A Study of Exemplary
Mathematics Programs

MID/ jmk

cc: Miss Mary Lee Guillot, Principal
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ortheast regional exchange, inc

the resource exchange for educational services
October 14, 1983

I am writing to you concerning A Study of Exemplary Mathematics Programs,
about which we communicated last Spring. Our task during the summer has
been to select 25 sites to visit for our study. We convened a panel of
experts in August to rate the 150 programs which, 1ike your program, sent
us evidence of excellence. We then chose sites that were not only in the
exemplary range but which represented a cross-section of grade levels,
geographical locations, and so on.

1 regret to pass along the news that your program was not selected for a
site visit, but let me qualify that news with some very important
information. We are a research study, not a contest. As I mentioned
above, we required some diversity in our pool, so we could not Just
select the top 25 programs. When we had 3 or 4 top-notch programs which
were similar in geographical setting or socio-economic factors, we were
obliged to eliminate 1 or 2 of them from consideration.

OQur staff and expert pane: have been very impressed with the quality of
rast of the programs in our pool of 150. In fact, we are convinced that
the bounds of our study are too confined, that there is much to be
learned from a larger group than the 25 selected programs. Therefore, we
will continue to explore avenues by which you can continue to benefit the
educational community with knowledge about your program. At the very
least, we will keep you informed of the results of the study as it winds
to a close late in 1984. We will also send you other materials related

. to our work.

"In closing, we are very grateful to you for your participation, and we

wish you Continued success.

Sincerely, L

Mark J. Driscoll
Principal Investigator
A Study of Exemplary
Mathematics Programs

o4
MJD/ jmk
NEREX, 160 Turripike Road, Cheimsford, Massachusetts 01824 617/256-3987




* ﬂ

*4

CREPN

. -élautooa observat
. jiend thel: ba-ll.

,-:.r‘
.__g-‘ .

.,‘ .

| Emc

59

m introductlon of ‘a -lcrdcéuduﬁpt in’ tﬁc tole of a 'teaohet‘i
~assistant® has man

Microcomputérl.as ah-Aid, -,
Shell Centre- for- ‘Hathematical Educatloﬂ.
Unlvonlty ot ll?ttlhqha-.- Bnqhnd co

'1-- oo

possibiiitieni iy Regedrch based on {lteu\ltl
on dtowk ‘18iq: idqght;nhlfts of' (:ucﬁ ng style;
MER TN P SIL Aty I ST I TN
: .:‘,“.. "» “‘.‘,3.‘.':‘:(}-\1...\‘-.*.:-.,ci'\':.' " PR .,,.' :.;:.'.
PRI : '.- "..“‘ ’...:".: E."‘-‘,‘ ) o ;‘ .
; . ‘.'

BEST COPY AVAILABLE

' ":(; Northeast ke?lona

RS . , , ] : R
Py T ;. S BRIV I y ' - N RN |
S TUBSDAY, APRIL 24 - sl e N U AT RPN
S - . Arremhoon . - - S R : lmnuzsnn. nqrt. L AR
2 . ‘ L . ',.‘, -': : : . ‘_ . : . .\ . "_ - uomxm . . ':; ., ., . 1
5 .‘. . ) . ) . ] . L ". s .:' ¢
P U650 = 17430 coFT e T CABRILLA aoou L 9:00 - 12:30 V- e : U abeA § ROOM-. -
. FopICs — antm AND 'w\cumo op ALGBBRA . ' :"",:_’ ) TOPIC: . . RESEARCH oif TEACHING MATHEMATICS =~ - - ; K
{ .U ORGANIZER:  Sigrid Wagrer; -.:.' | i SEe ORGANIZER: , ‘Perry Linier, #ichigan State Univenuy N
oA Emory Unlvctlltv v rh Ll PRESENTERS!. Linda Pitriarca L Nancy Brubaker _,'Ez' i
i ... PRESENTERS: 319fldu": “'fl ("ﬂ 7;;f ; e I - Anné Nason' .., Pérry Lanfér, . = UV
: i Emoty Universley[’.. .. 15 Doy VHENSET - Indtitite fot Research on Teaching, e
z ‘ . Sidney L.: klchllﬂ. Unlv.rliéy of Hawail :2-;..r{;-1.. . - ulchlgnn stntc unlvotllty - R 5.
Lo Johh lctn&rd.,ﬂanorllE} ‘of Hawaii’ 1,{ ’ o
jh;;no current rolearch on: iottéi; procc:;;;'l; algebra ;nd'qgi-'WHq.‘“‘ §?33.2§'3:°?i:l§f :gﬁg:tgsd.::::‘}u;:g:::. 25.'2u:?§2;?gf'ff'ff°'
% implications for teaching ' bllcanslon -6f what we know and ..’ &sl¥re instruction In'generil mathematics. consideration will be given
" <4 vhat we need to know about ‘thé’ ‘beining and’ tnchlhd of alqebum. itos teachers’ ch‘hgﬂo -the uve.of fleld work to captute those: .
5 il it P f AR e e - 1.7 changes, achievement data-as a mdans Of assessing the effective-
T3 7 '{'(, Jffpd),cuj'n'ﬁol-l ,.' :-54; ;'a ﬁz " 1Acv negs of the changes, and't .'tole of classroon conlultatlon in.
?'nj{ , LR e f';@, A vore e b.'.h ,?4~ qeneratlnq tha chanqet. Sl ' : N
LT , H K ‘ PR A I Y o s
i . KRR T N A S TN :
'.:. . o ..‘ \. ' !.‘ '*l"‘.' : N ‘..‘.-‘ ..":
g ' . . { Y P .‘:!'.l' ‘.' . e -=.
??C'E d 4 ;h “Natloualleuncll ot Supervlsorn . ;w:;
Eisiz0 < nsqo RS NN :iof Mathematics,. AR R
‘u‘: R : . ' 1 - : -: DR Y iy TOPIC: ;... -... ;A ‘STUDY OF zxmmav m-mmwncs pﬂoolmis
Demoprer ' ncnmowcri raxmm Aun rzacutno PR Rk hRa Ay o 7 BOME PRONISING, WYPOTHESES - '_-"’v\ ,'"..-;-:;.‘;:-,
’ ) : - "f " e 3 T T ‘- ) ? R N
rnzaxnza: Douqlal Owens '.: ;_‘{:",avif{‘ga oncnuxtsaf_ Matk btllcol! R j“ :: L
. llnunulty 0! 'tit‘l“ éOlMl‘ H '. r‘ Yoy _"._"i'h:_l.;;,;”g';- AR “Otth“.t lleqlonal !xchlnga. lnc. I SR
. LI WL .‘ et ',‘":’ . ) . .',\:.: Lo ’?‘;—
Y E PltS!NTlRSs Professok: nugh Butkhar&t:ﬁ SR : Bk ’RESENTBRQ! “"k brlcqoli W. B'R E.X., t"c' ';{ 'r““ e,
!."., . " Director,- Shall Centte. Idt Mathelatlcal ) 0 NI '~Pernand Prevont. SN 4 -"_f;? .
’ . Bducationg. :t. gty S t;." 4{ g New nampahlre Depaztnent of Bducatlon'* R
" unlv."lt' °' “ofF‘"?h““z"ql‘“° %’L' A % i ‘noberé Keniey; ”’.- o t*:?ﬁ:
. Ptof.llot .o..'h‘ty t..‘f‘ . . ) * . Vel’hoht Deplttnnt ot Bdllc!tion ""‘ '-':"'. -, "‘-J‘
. Director;. Investigatiohs os: i‘uchlng ui Lk .-( :cn:hu—lnc folmu.. thtluntiel Cohsultant <. ..

“of - pxouplary Mathenatlcl Program beqan at thb
_Exchange,. tiio, in December 1982 ith funding
- from the Natidnal-institute of Education. So far, his project
¢ ‘has: {1) collected a )1 of exemplary programs in pre-college
'; natﬁenatlci beginning. st gride fouk) {2) examined a portion of -

7 that_pool ifi considarable detaii in- order to hypothesize what:
- factors ire assoclited witfi'tlieir- exemplary qualfities).and (3)--
- provided a lyatepatlu meani tb telt hypotheaes. ek

N T '.:

tuo-ynar Stud

. ,.\ - ‘, ':, Ve




. Je¥s HARVARD UNIVERSITY
? =l Graduate Schooi of Education

Monroe C. Guerman Library, Appian Way 617-495-1825:6
Cambridge, Massachusetts 02138

iz

‘Principals’

December 20, 1983

Dr. Mark Driscoll

NorthEast Regional Exchange, Inc.
160 Turnpike Road

Chelnsford, MA 01824

Dear Dr. Driscoll:

This letter confirms your presentation at the Harvard Principals’
Center. Enclosed please find a copy of the January-May calendar (which
includes a description of your presentation), a temporary parking per-
ait for the Everett Street garage and some background information on
the Center.

As agreed, your workshop om "A Study of Exemplary Mathematics
Programs" will be held Tuesday, March 20 from 4:00-6:00 pm. It would be
helpful if you could plan to arrive at the Gutman Library Conference
Area I about 15 minutes ahead of time to handle any last-minute arrange-
ments.

Several weeks before your presentation is scheduled, I or another
staff member will be in contact with you to discuss further details of
your presentation and to determine what, if any, special equipment (e.g.,
blackboard, over head projector, etc.) you will be needing. Also, in
anticipatior of intreducing you, would you please send me a3 copy of your
resume or vita?

We look forward to your presentation at the Principals' Center.
Center members are especially interested in effective machematics
instruction. Please do not hesitate to call if you have any questions.

Sincerely,
D
. Caec’r 9 4
George Lowery
Program Coordinator

GL:MNT
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February 16, 1984

Mr. Mark Driscoll

Principal Investigator
Northeastern Regiona! Exchange
160 Turnpike Road

Chelmsfoid, Massachusetts 01824

Dear Mr. Driscoll:

Thank you for your willingness to participate as a guest presenter
at our Leadership Training Institute on Mathematics and Science Education
scheduled for April 8-11, 1983 at the Ramada Inn in Princeton, MNew
Jersay.

The Institute will focus on the leadership role that state education
agencies (SEAs) can take to improve mathematics and science education
with particular emphasis on increasing opportunities for the participa-
tion of women and minority males. The objectives of the Institute are
to:

® bring together teams from SEAs with recognized experts in
math and science education to explore successful approaches
to major issues in these fields:

e help SEAs 'integrate a concern for increasing the participation
and achievement of women and minority males into all math and
science initiatives; and

® promote effective actions by selected SEAs and encourage other
SEAs to adapt and adopt such actions.

The Institute is designed to provide an opportunity for staff
from various projects focusing on equity considerations in math and
sciencs programs to share their expertise with state education agency
personnel. We believe that this is a unique opportunity for the
institutionalization of equitable policies, programs, and practices at
the elementary and secondary school level. Teams from the following
states have been selected to participate in the Institute: lowa,
Kentucky, Massachusetts, Minnesota, Montana, New Jersey, New York,
North Carolina, Ohio, and Washington.

Based on recommendations of the project's Advisory Committee,
we have developed a conference agenda that focuses on issues considered
criticai t6 a discussion of the state role in improving mathematics and
science education: teacher training and development, elementary

COUNCIL OF CHIEF STATE SCHOOL OFFICERS
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Page 2

education programs, Partnerships, and effective use of technology.
Equity concerns will be treated as a ¢

into all sessions of the Institute.

Your presenta.tion

ross-cutting issue to be integrated

will be part of a panel on Research on the

Participation of Minorities and Women in Science and Mathematics, to

be held Tuesday, April 10th from 8:45 a.m. to 10:15 a.m. In a 10-15
minute presentation, we ask that you provide an overview of your
efforts to date in identifying model mathematics programs and document-
ing attributes of successful efforts, especially those that contribute to

increased participation

and achievement rates for minorities and women.

While our funding is limited, we will cover all travel and lodging
expenses associated with your stay in Princeton. Enclosed is a
Presenter’s Attendance Questionnaire. Please complete and return as
Soon as your travei plans are firm. This will allow us to make the
necessary hotel accommodations and arrangements for you. You are

invited to stay the fuil duration of the Institute as a resource for
state teams in attendance.

For your information, a short project description is enclosed as
well as background on the Council and the Resource Center. A tentative

agenda is forthcoming.

Please call Julia Lara or Glenda Partee at (202)

393-8159 if you have questions.

SB:ais

Enciosures

Sincerely,

Director




A Study of Exemplary Mathematics Program:

ATTACHMENT 3

Abbreviated case studies
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INTRODUCTION
ABBREVIATED CASE STUDIES
- A STUDY OF EXEMPLARY MATHEMATICS PROGRAMS i !

Following a 1ist of our 11 hypotheses is a chart that comprises
abbreviated case studies from the 28 sites visited in the study.

Key words to identify each hypothesis are across the top of the chart;
the 28 sites are numbered on the left. Fach cell on the chart contains
manifestations of each hypothesis, or lack thereof. The miscellaneous
colum at the far right has been used to provide additional data that was
obtained from some, bhut not all, sites. When information was available
on staff turnover, it was placed in this colum.

Representative sites were selected on a basis of variety according to
school Tevel, geography,school type (public or private), socioeconomic
factors, and types of outcome evidence. The final list of 28 sites were
located in 16 states and the District of Columbia.

The Study of Exemplary Mathematics Programs looked at programs in grades
4-12. On the chart of abbreviated case studies, schools numbered 1
through 8 are elementary or middle schools. Schools 9 through 28 are
high schools, some of which include junior high grades. We were able to
conduct 15 of our 28 site visits with two-person teams. The Principal
Investigator conducted 17 of the 28 site visits.

Highlights of our findings in relation to the hypotheses are shown in the
following abbreviated case studies for the 28 sites visited. For 10 of
these schools, complete case studies have heen written by the Principal
Investigator. In all cases, by agreement with the National Institute of
Education, we have not identified the actual schools but have used
pseudonyms.

[ I e i
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1.

3.

4,

5.

6.

10.

1.

HYPOTHESES
FROM
A STUDY OF EXEMPLARY MATHEMATICS PROGRAMS

Background

The community values mathematics achievement and these values are
effectively communicated to students -- the students want to learn.

Curriculum and Implementétion

Homework plays an important role -- in amount and frequency, in the
feedback given, and in its-connection to classroom practice.

The whole program is structured, and understood by staff and
students, so that students can and do move flexibly within an array
of courses and levels to maximize success.

The curriculum has the blessings of the mathematics staff. If they
have not had a hand in developing the curriculum, they have at least
adapted to it and developed a sense of ownership of it.

Teaching and Staffing

High expectations for success in mathematics are consistently and
effectively communicated to students.

There is a consistently supportive environment for learning in the
classroom that accommodates risk-taking.

Class time is used efficiently by both teachers and students.

Mathematics teachers spend considerable extra time working with
students and/or preparing materials.

Staff are dedicated and function as a cohesive, sharing, and mutually
supportive unit.

Leadership

Exemplary programs are charaéterized by the kind of leadership that
results in a well-run, well-organized department that frees teachers
from non-instructional distractions.

Exemplary programs are characterized by leadership that makes it
possible for teachers to feel and act as professionals, and that
stimulates questioning, sharing, and taking part in ongoing
professional interactions.

./
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ABBREVIATED CASE STUDIES

.

Schools #1 thru #8 -- Elementary, Middle, & Junior High Schools

Schools #9 thxu #28 -~ High Schools & High School/Jr. High Combinations
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BRIEF CASE-STUDY PROFILES FOR

28 EXEMPLARY MATH PROGRAMS, IN
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tary.* 1 2 3 5 6
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coversge, comunity {5  towird homevork due te 'nw!“ with Mth  cyrricyie, srounds 1 the past satience and sensitivity.
becoming appreciative of district-wide policy. staff -~ Hioh sytus) decade. They have vpped

asth == stronq values reqsrd with math thefr texts and standerds

for wath don’t have staff. severa) times. |
desp Nistoric reots, .

[ fural elesentary schoal 1red dafly with 2 School Mes 3 scheol- Textbownd, but the A rnl conservative. Three different tasc’ ing i
with strong educationsl mul stress on within-schocl mode) 3 teachers «.dged the ' coddl1ng® approsch styles by the 3 teachers,
values, voters  student responsidility (ulln *quads®) - ram and developed to “dright but lazy® The Interaction varfed:
turned down & gleas for getting 1t dooe. 3 quads. They main- ts cwrriculum. t1ds in honors (thedr site visitor reported
for financial support. tain s honors prograe, words ). 8 lot of support In

several classes, boys
6th grede only using their om
placement test for s1ightly ridiculed 1n
. plumt in tt, alemg another, .
vﬂh m record.
resedial
clum small. (Good
articulation with
feeder schools).

? Seall city. Normsl t letely individual- On paié Ssturdays School held town meeting Mot esPecially relevant
ringe of VAIWE. DRly  Berime it e e o e . ST reelses Core with parents and kids == totally Indtviduali-
about 503 of students varfes from teacher to  Kids get 8 lot of riculus which wes on “How we Cin {s0rove  Zed program, But aides
will eventually go to teacher. Parents attention -- teachers, Put together by 2 the 3chool.” They keep  and math 1ap director
college. 7th-th grades  cyyied, students de- 2fdefomath 1ab room.  SOWle of staff on requlir parent coatact  very motherly -- 2
completely Individusli-  tyined 1f doing homewerk Mot much ""“n", the state graat. M':w:‘l!m::‘:ﬂl;“ coafortabls setting.
zed program. beconss & prodlam. - - im scheduling. Only mtivation. ve

sath stUff sent ha- clud recruftment.
moAthls progress rep.

8 Niddle-class subyrd- About 20 minutes & day  District-developed Primrily put There 13 2 consclous o site visitor: “They
High-tech family Influ-  ygod to develop class Screening proceduret ther by openly expressed goal ¢ work oa confidence with
ence. School board efscussions. for this talented pro- 1 teacher with the progras to mta the kids.®
discusses 1ssues such grow == about 1/6 Melp from 2 othen students “independent They ®0loy student-
a3 the number of girls of kids in district Revised esch prodlem solvers.”® centered discussicas.
in honors, rd Mon- admitted. re aTe Sumner Consciovs attespt to

enhance student math
self-concepts.
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TERMS OF FACTORS HYPCTHESIZED AS ASSOCIATED WITH EXCELLENCE

/STAFFING LEADERSHIP
7 8 9 10 11 MISCELLANEOUS
Use of Spend * Motually Supportive
Smoothly Managed. ¥iston, Stimlates
Class Time Extra Time Shiring, Collegia) Rewoves nmrz::!m Professionalisa
Ro wasted time that we  Teachers sees tobe  paily tesw meetings Principal started Principal delecates  low teacher turmover
saw.  Teacher tesas avafladle to students  for at least 172 hour, “school within - a2 - such of avtharity for
meet dally, adfust tims after school. after (4 teachers per tesa). 3choal™ model. e curricvlun, diagrosts,
allotments to suit class for help. makes sure 1ts famlg. evalustion to Mg
fsmediate needs for each Otherwise, nothing wentation works “ell. tesme of teachers
subject. * extraordinary noted. He 13 strone On dele. Works clos-ly with
A It too much time gating authority He  superintentert to
spent on r'”’ over founht successvlly maintatn high standards
hosework a o few (over sch. b4.) for with thew. be 13
classes. funding of & gifted avid to ex3yndand
director. enrich gifted progras.
Site visitor: Wigh ™ ren calls for Principal described math Stronn boads af Assistant superiaten-
time or task” A ? II;'?:,.,' affictal teachers as “interlocking,  Comwaication and dent reads. temds
careful, organized pro- teacher schedules. Since Butually susportive, and utusl respect amony 16eas to math staff.
qram of tise use- they ususlly meet during  diversely unique people.® 4 sath teachers, the ponder, buy
reflecting thelip lanning periods, their They spend thetr daily priacipsl, and the Pleces of 1t. and
omtion of the hmm planning sust  Plasaing periods for sharing, assistast superintens laplement,
6ood-Grouws Study & extand deyond this discussing sutusl meeds, dent in charge of AMainistrators openly
Profrh. 7172 hour schedule. . sutus] planaing. ] curricylum, ancoursge snd deson-
Daily 45 atn. sath . . strate their reqard
peripd.. 4 math teachers for teachers® {mova-

Classes begin with Informal lunchties
Qizzes On math facts  meetings plus weekly
- N0 wistajtime. metings.

CSNP yse guirantess full Math Clud. supplemen-
§5 minytes of math every tery saterials, & math
day. This 1s supple- sevsletter, computer
sented by weekly probles- use ++ 211 combine to
solving se1sions. + demand extra tescher

Teachers get kids tine.

working right sway in

each class.

Efficient use of time - Nothing very

little wasted from
instruction -« even in
the lowest classes.

axtraordinary oo
They are paid for
their Ssturdsy wort,

Site visftor:
*Teachers spend Tong
hours.* .

one Chuse:
math competitioas

Site visttor:

*1ittle nonsense.

The period beghu nd
class sterts.

Superdly efficient -~ Principal: "My sath
the sain denefit of steff axceeds what is
8 totally Individuslized required (172 hour
Sefore, 1/2 hour after
uhool’.’ One teacher
M3, on his own,
instituted an extrs
after-school class fer
those needing help.

k
have to watt {dly to
Mave work checked.

High time-on.task Free tiw plus tiee
Class time divided into: before s o) end /2
173 homework review hou: after school
availadla to students.
13 Sacture This means tecchers

173 problen-solving do planning on their
practice sad on time,
discussion

Teachers within each
Sriver™ teke responsi-
bility for runaing t.
Teachers help {n choos-
ing new teachers. _ -

4 sath teachers ¢
1 resource teacher

v

A shring qrovp -
articles, saterfals,
1deas, etc. A taacher
*This {3 the first
school (of 6) I've
been tn where the
teachers share.”

4 path teachers

They lunch with
uidance pechleslmost
datly. This keeps 1{ras
of communicstion open.

7 taachers

Informal planning

rough group “chetting.*
A1l ) active tn profes-
sfonal suth teachers
organizations.

3 taachers

Lots of sharing.
Formally meet twice o
soath. An afde described
the u:c:nn n:‘l'u
congenfal ond helpful to
each other.*

$ taachers plus afdes

Stte visitor: *tots of
informa] exchange and
sharing.” -

a1l located together
in same wing.

3 teachers

Principsl an active
and open planner, wha
sates plans for schoot
explicit to staff.

Princips] and district
sth coordinstor have
worked together to
{mlement X-6 sdop-
ticn of (S suth cvr-
ricvlua, Principsl
has shuffled teachers
ts sove towsrd subjact
specialization. There
is o b1t of staff res-
SaecTattation that M
a ation
-umw xll"" in mading
abonoes Tobeo oflesd

Princips] keeps schoel
wiet, orderly. Super-
intendent provides mech
of the fastructionsl
leadership. MNas deve-
Toped an extromely wglle
mr‘ ram of cur-
riculus revision conduce
ted by the taschers oo
Saturdays.

Site visitor: The
1acipal 13 2 strong
aader who sets hegh
expectations, disdains
compensatory progrems
as {ntarfering with Meh
expectations.

This 13 2 stete demonstre-
tion progras, with a
director vha handles

tome of adefnistratiss.
Department hesd supervie
set curriculus refors.
works closely with
principsl.

Site visttor: “Oept.
head s perfunctory
honor

. G
wis svbaftted (o our
study by 1ts designer,
one of the teachers.

tion in the curricu-
-,

low teacher turmovers
principsl a former
sath tescher

$chool run en 2

*schoo] with sehool ™
wode) « called “rivers:
Principal gives
teachers $a each of 4
rivers a fair sagunt

Mring approach.
Swperintendent talks
with teachers adout
WMt he plans to
discuss with Board.

Principsl and district
Coordinator strong
advocstes of {move-
tive meth curriculim,
o of CSHP, They
Lpport and encourage
teachers to de {anova-~
tive. te adapt to CSI®
te ntersct profess-
fonally.

Superintendent N3 in-
fused

sad the commmity with
oathustase for terning
math progras arownd.
invested early in staff
{nvelvement on Saturdays.
Math taschers alse get
wiet, salid lesdership
fron chairmen, who 1s
both 3 lowyer and anion
reprasentative.

Froqueat pregress %o taacher turnover
soat home - priscipsl

way of keeping ties with

Porents strong —~ she

focilitates the lmlomen

tation of the school-

within-school sodel.

Principatl instituted % tescher turmover

neatings of éepirtment
heads as qrow, to
{sprove cosmunication.
She believes fa *taacher
83 lesder™ concept. Sent
staff to Madeleine
Nunter training.

The tascher who designed Mo teacher turnover
the progras got money
from the district o
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BRIEF CASE-STUDY PROFILES FOR

28 EXEMPLARY MATH PROGRAMS, IN

BACKGROUND CURRICULUM/IMPLEMENTATION TEACHING/
1 2 3 4 5 6

Commnity Yalues Flexidle Ownership of High Rigk-Free

Math Education Homework Placesent Curriculm Expectations Eavironment

Toa targe & ~ity to
Huge, Large city
1chool.

6 yr-old magnet school --
large city school with
$1 feeder 3chools

1afluenced by neardy

Try League School. .

Mix of rural and
walvarsity kids.

A uir of students from
Al cver a large city =-
old. estadlished
academic Mgh schootl --
grades 7-12

al) 7412 !
1chool for gifted --
100se connzction with
university. Strong
acadenic values

Neardy uatversity and
nilitary base: some
Agh academic value:,
However. & teacher
complaing adout Schooi
Sosrd°s cursory treat-
wtnt of {33ue Of math
requirements. Unfver-
sity 13 Melptul.

o tanected daf)
routine. Students

start classes dy outting
hosework o the board
{on thelr owm 1n & fev
classes).

Minumam of 172 Ar/atght
required

Regular requirements

M aspected datly
]

routine.

Students safd they

rl approximetely
hour of math hows-

work & afght.

A regular feature,
Some d1ff1cult prodlens
assigned .

A reqular featurs,
aot extraordinary

Stringent plecesent
exem to get isto

1chool.  After that
mothing stands out.

They Mve & tough
tise 1n 9th grade --
SI farder schools.
Mranced courses
favor honor Students.

Special plaa set wp to
accomodate seall ‘mo .
af needy students In
1ndividualized program.
Middle school cvarding-
ted by department
ehair:qood articulation
Math resource center
alutys buty.

.

Contains Junior Moh s0
articulation smoothed.
They lose & 10t of ala-
ority kids. thoush, .
despfte tutorial pro-
gram; kids Join

honors progras all the
wiy Into junior year --
2 {t"ll of honors.

Bacoming an Issue. Dept.
head concerned that

some kids are sisplaced
above thelr abllity —
not sure what to do

“philosophical differen-
cos with siedle 1chool.®
ary few kids don't Mve
a friend on he staff*®
-= Datly lumh time
sestings assure proper
placement

Computer CvNrIes tea-
cur.written, 0tl~re
wise, texts plus
supplomental sutertals,
=t seemed Satls-
fled th thes,

Staff discvsses cur-
riculum dectsions —
0.9. decision net to
witer down Algebrs |1

- Trig, tree of the
staff have become

avid about Internatfonal
faccalavreate (I8).

* Many applted, prac-
tical, hosegrom
courses. Sterf
detigned resource
center.

-'Ihlnly texts, though

they seem satisfied.

A.p. Calculus mot
text-bound.

Curricelve primarily
developed by dest.
Mad and et staff
sesber. The others
vte it ané lMre it.

e

dacision ta teep
sultiple agproaches
ts geometry. lots
of trachresdapted
activities.

66

Erceptional = for theo-
salves and the students
~ they talk Ia class of
thetr expectations of
Students-=*you should
trow that,* “Tou can
be more clear.”

AN fresh required to
take Algedra | - when
a student waats out of
Sonors, first must
tutor with texcher 172
howr tuice & week on
Weakesses.

They dre deliberate
sbout trust a student
responsidility --e.g.,
they can rescheduls
tests, they Con move
around during free tiee.

Less openly expressed
1a clasg than schoal
ramber §, dut the
3choal's long tradition
of excellence looms.

Some iacontistency - §
ade tescher

t such less of that
dirsction in later grades.
Fow openly axpressed
expectations. lsplicitly
Moh, given quality of
students.

Success of mith team M3
red srpectation
of furttur Succass, S
taachers opealy expres-
siag axpectation of ful)
attention by checking
out studeats who seemed
isattentive.

With exception of one
class, good tatance of
hallenge and acComma
dating risks.

Tes «- seemed to be
watversal,

fo exceptional class~
room Interactions.

*Friendly atmoiphere®
1a classes{visitors),
Student sugqestions
rejvlarly used A
class discussions,

Teachers firm, Sut

»e threats to students,
a0 abuse. the

other hiad, no spectal
class interactions
axcept 1n AP, Caleulus.

Sy, st ta one teacker’s
class, sarcase and gride
cospetition & it ewt

of coatro), These

bright Students credte
their ovm tonsions sad
this ene tascher dida’t
help. .

Class observation
mates:

*relaxed 2tmotphere®
“avident Tespect for
students®

——a b
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TERMS OF FACTORS HYPOTHESIZED AS ASSOCIATED WITH EXCELLENCE

/ STAFFING LEADERSHIP
fiigh School
A H}gh pordy 7 8 9 10 11
Junlor High gq of 5
pend Wutvall tive Smoothly Managed Vision, Stimulates
Combination c1acs Time Extra Time Sharing, Colleglal Removes pistractions Professionalise
Superb--several carry A mix. Several moon-  F chair's first ytar. Viston: he i3 quid
9 own erasers and chalk 11ght as computer sales- phiy o?fml.‘“"’“‘" Tremendous energy and c"’“t;m“'.::;}z:k" °d
50 that there won't men, but others-- ainimal colleglalfty, efforts to keep the Westingh 12es
be any delay in starting  espectally younger ones : PN?I’- running smoothly, I’ nghouse pr N
class. ~~deeply fnvoived in 23 teachers dealing with equipment ‘1’1:“ i :oml'su ysi
extracurriculrs. robleas, budget prob- ¢ nuserical analysis.
ens stc.

10 consistently full use Principal: *There {s Spend time tocether Dept. head dossi’t have She (chair) fosters

of time. not one of the math outside school. such officlal clout. sharing and teas spirit
people who doesn't They share saterfals, Until recently, Strong  among staff.
stay every day after {deas. They have influence was former Also, she fosters
the time when the union  within-course teams. principal, who is now enthusiasm for Interns-
says they can go home.® assistant superinten -  t{onal Baccalaureate
8 of them {nvolved 10 full time, 1 part  dent. Program.
in math tesm. time

Not addressed ir site Steff make selves Resource area combined Chatr Ms.lots of Uses resource center to.

11 visit notes-- available for students with staff area-- authority: h}n“hius. st:;ulau staff communi
during unscheduled facilitates staff ::"“'u’ému ’&2 cetion.
periods. interactions, sharing, u‘:oum 1nurrct

collegiality. Y can act.

Effective in securing
6 full time, 2 part budget approvals.
time

12 No wasted time-- Chair and assistant Headsaster cited Chair works tightly Department chair and

staff monftor hallways put a lot of time into their willingness to with headmaster. assistant stronq advo-
to rush students to sith team. talk with each other Strong mutual respect. cates of sath comoeti-
next classes, where Computer teacher puts and to share. Headmaster a strong tion. He models a deep
work beqins {mmediately 2 lot of time into “Knowledge {s advocate for math de-  commitment tO the
her new courses. revered” among the partment. Distractions school's tradition of
Other than that, staff, a teacher told  hard to remove -- excelience and works
nothing specfal. us. Asmllc old notsy school long hoyrs: 6:00 a.m.
lounge 1s the scene to ?o:oo p.m.
of a lot of professional
{nteractions.
20 teachers
Generally, espacially Teachers make selves Desks a1 together. Not much managerfal Dept. '

13 fn the dep rtment avatlable to students in  Lots of {ateractfons. leadership. gpqrt.nt of"..g:':i,:.{}:m.d
head's classes, it's their office at all times New tescher learns small,loosely structured. {instruction a deep
all business from 811 day long. Some kids Dy observing, dis- -Dept. head feels 1ittle  part of progras and
the start. aven hang out in offices cussing. support from above 1ts success. He thinks

to chat with teachers. 4 te for the kind of program  deeply about “what
achers he h 2 H
as and wants to sithesatics ought we
develop be teaching?*
Nothing wasted Two teachers spend Tight-katt Staff s run democrati-

14 lots of time with thru defly 'm cally. Chair ic .-;:'md. Z?Scfm'f:ri’u"é' -
mth tesm. Almost meatings--offices in  principal noted, with lunchtime -eetigqs
all spend time sem wing. disapproval, thefr )
with professional {nattention to *selling
organizetion. € teachers themselves® to the

ERIC

Aruitoxt provided by Eic:
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cosmunity.

MISCELLANEQUS

Low teacher turnover

No teacher turnover




BRIEF CASE-STUDY PROFILES FOR 28 EXEMPLARY MATH PROGRAMS, IN

BACKGROUND CURRICULUM/IMPLEMENTATION
High Schoul 1 2 3 4
:u:::lr: :1?:; Community Yalues Flexible Ownership of
Combination Matl Education Homework Placement Curriculum

15

16

17

ERI

18

19

20

21

female private schoo? --
grades 7-12,
Parents get {nvolved

4 yr-old state-supported
statewide gifted school-~
Tocated 1n a high-tech
area.--grades 11,12-
school speclalizes in
science and math, but has
Stiff humanities require-
;ents. :
1
[

Well-to-do suburd with
attitude towsrd math
typical of such a
setting--quietly value
it a t0t.

Small midwestern city.
School people reported
that “parents expect
kids to take 4 years
of math.® Parents
professional, academic.

Upper middle class
commynity

Site visftor: “The kids
are the big factor here®

Small city; neardy large
university, which has
some influence, though
not a tremendous smount.

8 yr. old urban magnet
program-- academic
school with fecuses math
and science, music,
performing arts. Many
kids from oi! company
families and university
fauilfes.

.
PRI A1 7ext Provided by ERIC
&

& central role--official
repercussions for late

or missing

counts for 1/3 grade

A lar, integral part.
In all but top courses,

students did problems

at the bosrd and

teacher led discussions.

Mandated detention
for students not
doing 1t -~ at all
levels

Homework a regular
part of courses
from algebral on.

Site visftor: “Lots

of homework. *
Teachers carefully
monitor thelr use
of class time on
homework review.

A reqular part of
the program,

exception very low-

est course.
Computer students

do a lot of progrem-

alrq assignments,

A dafly affair, with

st 1/3 of each class

used for review,

.-
PRSP JP N

7-12 school - autosatic
articulation. Princi-
Pl and 7th grade
teacher involived in
placement into 8th gr.
algebra.

Dept. noted by admini-
stration for their
attention to kids
having trouble --

new courses started
aidyear; ::ﬂ' tutoring
proqram that reaches
10% reqularly.

Dept. head monitors
closely, works closely
with feeder schools

to smooth articulation
~= have computerized
record of placement
discussions with
parents

Outstanding -- courses
scheduled tack-to-back
$0 students can move up
or down easily. Math
staff counsels each
student on coursc
choices. Kids are
tracked in middle

school and come to

high school in 4 levels.

Site visitor: "Amazingly
high amount of tutoring.®
“Very flexible placement,”
due to fluld staff
comynication and cooper-
ation.

Tescher in the lowest
courses ( a variaty of

3 courses to meet needs
at that level) monitors
curriculum appropriate-
ness, Math lab carefully
monftored.

There 1s a waiting list
for white students -«
students accepted and
placed according to
aiddle s 1 recosmen-
dations and their dia-

tic test,

re is 8 $iz2able before-
schoo) peer-tutoring
program. They are dis-
pleased with middle-
school prealgedrs.

Computer work, with
home-grown sofrware,
part of every course.

They have a strong
sonsc of doing {t
on their own.
Several courses ere
far different from
what 12 aveiladble
elsewhare.

More than half

the teachers have
strong ties back
to New Math and
have adapted materials
Have put together
strong computer
curriculum.
Ownership not quite
$0 strong among
younger teachers.

System-wide scope

and sequence. Teachers
do their owr: supple-
mentary materials.
Three cf them handle
computer program,
{nternationa .
Baccalaureate

Program for some
students.

Changes are slow to
happen due to
countywide

curriculum ¢nd

approved %axts --
County has decided

to drop Unified

Math, which staff liked

Staff-developed tests.
Staff-developed
computer modules for
edch course. “When

4 new text comes, we
adapt it with our
materials.”

They are bound

to state-adopted
texts and pretty
satisfied with being
text-bound -~ except
in calculvs.

68

TEACHING/

5

High
Expectations

l!uuihbh.fra site
notes

Conscious cosching of

kids toward self-
discipline. School
requires evening study
skills course-kids sspire
openly to self-discipline.

Strong expectations that
you take math and you
work a% it

¢.g. (homework require-
ment s

Both kids and parents
expect 4 years of
mathematics.

They appeared to take
it as serious business
"900d training” and
“needed for college”.

Staff openly expresses
high expectations

for student responsi-
bility.

Staff avolds curving
grades, which they

want to reflect levels of
undersundln?. “lt's
okay 1f no A's are given
for a particular test.”
There 1s an engineering
club for black students
that conducts projects.

95% attendance required
in school. Students
declire a major (math,
science, music, theatre).
“de want thea to think
about why they come
here.”

6

Risk-Free
Environment

Conszious attention te
mth th:y:njac:cn
seem ority
of sM:‘u favolved
in discussions in class.

Teachers very accmin.
Mansge to offset t
risk there might be

among this intense and
potentially cospetitive .
group of kids, .

Saw lots of coachlike
exhortations in class.

Student. ..en in lowest
courses, "treated with
respect.” Treated as
prospective customers®
(site visitor).

Site visitors, “Lots
of sensitive encourage-
ment and reinforcement”
«-in advanced geometry,
however, not s0.Quality
varied, but weighted
to good.

Staff highly conscious
needs of girls and
minorities. At al)
levels, kids seemed
relaxed in class.

Free exchange of banter.

Students generally ea-
couraged to ask questions
and to say, "I don't
underitand“--one exception
the lowest class.

b
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TERMS OF FACTORS HYPOTHESIZED AS ASSOCIATED WITH EXCELLENCE

min. classes). Other-
wise class tise used’
very efficiently.

They are generally
available to students
all day long.

day with guidance
people (ex-math
teachers)~-lots of
sharing, discussing
instructional conrerns.

8 full time, 2 part
time teachers

a Haison with the
principal.”

She seems satisfied
with a rather democra-
tic approach.

kids 1n math and success-
ful, but that vision

is pretty much a qroup-
develcped phenomenon.

“¥e push students to
stay in math.”

/STAFFING LEADERSHIP SCELLANEOUS
:: 7 8 9 10 11 MISCELLANE
" High choal
& Hign Ser= s
¥ Junior High pend Mutually Supportive Swoothly Managed, vision, Stimulates
: Combfration  Class Time Extra Time Sharing, F°r eglal Remcves Distraction Professionaiism
3.
* . o Math/computer 1ab. Dept. head shares some site notes: dept. head
{15 \Unvailable froe M laachar: Hnlike a natural mesting of ‘hiring responstbiil- fnfluential in setting
site notes. elsewhere, here the
norm {s extra time.® place fer teachers-- ties with rest of the tone of cooperation
they make use of {t. staff among staff--he worked
Teachers make selves
available all day in They are tocated to bring stuff together
cosputer room for help. togethesr. into one building.
2 teachers plus
several part time .

16  Wonderful use of Kids talked of being Superd esprit. Dept. head a dynamo. Dept. head shows superb Mo teacher tu
time--mostly all able to find teachers .g"’" head: Appears to have tremen-  yision. He fosters
on taskjsave small for help anytime between eachers ask dous cooperation of "teacher-as-learner”
spece 1n most ad- 8 a.n. and 10 p.m. healthy questions administration. Makes atmosphere, and serves
vanced courses for Teachers all push byrn- about what we teach himself very visible as very good model
a bit of goofing out, thrivingly. and how we teach to them and argues per-
off. These kids work 1t%-- they inter- suasively for what he
so hard, they deserve act in hallways, wants. Does all hiring
1t. offices and in etc.

weekly 2-hr mtgs.

17 Deliberate, maximal yse Nothing extraordinary-~ Understated colleglality - Best-managed program Dept. head keeps Lost 4 teachers
of time--modeled after kids say that they can but it is there. Teachers visited. Princioal standards high (e.g. leans  in recent yesrs
hook by department head always find some a1l have desks in dept. and dept. head work on staff to enforce home- to computer indust:
on use of time in math teacher to help them. head's outer office. closely to tighten, work ryles), delegates
classroom. 12 of them have warked faciiitate management. authority; models effec-

%°9'-'"‘"' for more than tive teaching behavior;

0 years. has one of the best
computer set-ups.

16 teachers

18 Site visitor: "No wasted Each teacher spends at "Dally informal plan- P-incipal takes “no- Dept. head 1s strongly Low teacher

time." least 1 hour/day in a ning and sharing” nonsense” approach committed to keeping
lab. helping with {site visitor) 8 of to handling environment kids from failing or
math and computers. the 10 teachers "act and "leaves teachers dropping math - -
as 4 team”. free to teach.” In person:?!y revicus every
Site visitor compared 7 years, has turned record of every kid.
them to a project team school’s image around.
at Digital, Evaluation done by
him and assistant
10 teachers principal,
Excellent, except in Teachers tutor, before, Site visitor: "A high . . 2 3 computer teachers

19 general math, where during, and after degree of sharing and ﬁ::n?::g'h::::; 32:,.::13"'::“::::::", lost to industry in
there was "lots of school hours. mutual questioning.” teachers earn course department around his past 2 years
wasted time.” They eat together and assignments--done values.

‘{" in on :‘Ch °;h" $ fairly, however. Teachers: "He are
ct;:"."‘ and proof each He 1s a resource treated ke profes-
other's tests. teacher, vl:lts each sionals.”

teacher’s class at
10 full time, 2 part least 3 times a year.
time teachers .

2() Very efficient--they Lots! Principal Best office arrangeme:.. Dept. head works very She was cited by her
matter of factly go says 3 or 4 on math I saw for staff inter- closely with principal staff as an excellent
about their business. staff spend at least action -very conducive and district coordinator. |istener and model.

70 hours/wk in the to regular meetings. Lots of strong mutual She strives to maintain
school--the computers, respect and support. attitude of "we are a
black engineering 11 full time, 2 part Has pushed for computer  team working toward
program, etc. time teachers support. a qoal.*
Some homework done in Almost all pitch in for 6 or 7 women yar Dept. head has minimal They have a strong low teacher turnover
21  class (They have 90- help 1n matl) contests. close--eat lunch every authority. “Primarily commitment to keeping
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BRIEF CASE-STUDY PROFILES FOR 28 EXEMPLARY MATH PROGRAMS, IN

BACKGROUND CURRICULUM/IMPLEMENTATION
1 2 3 4
Comzunity Yalues Flexible Ownership
Math Education Homework Placement of Curriculum

hrr sudurben school.
Rapidly growing.

espectally outstanding
about commnity values,

Lerge suburban, middle-
class.

Nothing outstanding
about cosmnity values.

Svburban; influence of
1ocal high-{ech
industries. Math
coordinator: “it helps
that you don't have to
win over the parents
first.”

A new program in math/
science within large
inner-city high school.
They do get a lot of
pareat support-—-as
volunteers.

Sasll rural tom, In
recent yeirs, tom has
begun to value mathema-
tics, as the mathesatics
teas has gained fame.

Suburban community,

%o sfions of outstanding
cammnity values of
math education, Part of
the community at odds
vith departsent over
attention to Jower
afddle students.

Suburban community which
is very conscious of
success of math prograa
-= thenks to publmty
about math team. A case
however, of the program
affecting their values
more than the other

wiy around.

Nothing

P N g T

A regular feature-Site
visitor noted one class
whery time was wasted

wing over homework,

Not avafladle from
site notes

A regular feature --
nothing out of the
ordinary.

A regular feature

An important cospoment
-- several imdinative
ways 1t wis reviewed

in class -- g.0., sml}
qroups .
problem sheets with aon-
trivial and non-tradi-
tione? probless handed
out for extre credit.

(n Friday,

A festure that is
stressed.

Students allowed to do
some homework in some
classes -- a rarity
among schools we
visited.

4 tracks, placement by
teacher recosmendation --
parents can veto for |
semester. In 3 of the
tracks, courses are
r.igorous.

12 teams of teachers
seet regularly after
school to discuss place-
ment. They aim for an
individualized approach,.
based on cbjectives.

A strong commitment to
bringing success to
3tudents..

School has 4-house
system. Articulation
across grades hurt

a bit by this. Students
can drop down 3 level all
the way into 3rd terwm.
femedial kids get a lot
of attention.

Students chosen for
this prodram after
8th grade - recruited
city-wide -~ students
write an essay, take
Stanford Achievement
test, get teacher
recommandation.

Situation took &

turn for the worse
when the valued

former guicance dir-
ector left -- sath
tezcher will put in
prealgebra course to
meet needs of incoming
students.

A strong commitsent to
keeping kids 1n math.
Several inmuvative and
effective tutoriels and
help proorams. Weak
sonnections with guid-
ance and maiddle schools.

Lunchtise conversaticns
among staff seem to get
a lot done for prog:r
placement. Dept. head
is also math coordinator
for middle school) sty-
dents; “teachers always
avalladle.”

In the upper classes,
math competition used

as part of lessons.
General math, “"generally
uninspiring.” Basically,
school tied to state
curriculum,

Strong teacher- developed
upified blend of

algebra- try, etc.
in 75 unrt:f !

A real teacher-owned
curriculum.

Teachers supplement
texts; teacher of
Advanced Math uses 1/3
his om notes, There
fs an advanced calculus
course, a rarity that
helps staff perceive
curriculum as special;
suswer teacher work

on remedial curriculum.

Hath Program head
adapted Zolumbia
Unified Math Curr-
fculum. They use a
variety of texts and
suppiementary mater-
fals.

1 - woman department.
She chooses texts,
etc.

Strong fdentification
-- they developed
general math curriculum,
the curriculum for
Algebra 1A, 18, work-
sheets for every course,
computer curriculum.

Staff meets in groups to
develop exssc, Inno-
vative lower-level
course "Math for the
Real World.” Cosputer
teacher develops owm
materfals.
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5
High
Expectations

Site visitor: “Teachers
continually expressing
an’ reinforcing high
expectation.” Contest
info broadly displayed.

Site visitor: “Staff
maintains attitude of
'we do it better thas
any other departsest
we know! “ -thus, thei~
expectations of selves
are high.

Expectations are high
that kids will do a

Jot of math. 138 kids
in calculus. Kids
openly aspire to honors
program. Math teas
record a matter of
much pride--trophies
displayed.

They ook for motivated
kids at the start, then
keep themselves pusped

up with such things as

a newsletter.

They feel the pressure
to continue to do
well in math contests.

The messace is firsly
comunicated, “We want
you in math.”

Students proud of math
team, their work on
Friday problem sheets,
etc.

In the top levels,
maintaining the <chool’s
top record in math
competitions a strong
motivator.  Students
at the to, reflected 2
lot of self-responsi-
bility in interviews.

6

Risk-Free
Environment

Some good questioning ia
top 3 tracks. The §
honars teachers “more
1i{ke coachas” in their
exhortation (site vist

"Students are treated
with respect “/Site
visitor class Dserva-
tions).

Classes sort of
traditionsl, straight-
forward; saw no student
hesitation. Ome
teacher: “Kidstoo um-
willing to questiom.

I have to prod them.®

Site visitors reported
many healthy interactioas
with students in class
and lots of heelthy

husory cited "relaxed,
non-threat ening atsosphen

Sort of--though sarcass
and ispatience evideat
in lower-level coursss.

School s unfversally
tense atmosphere--gener -
ally good tension--
However, we sow #0 noR-~
sccepting behavior
towsrd students, i» cles
or out. Yery caring
teachers.

Lots of cajoYing, kidding|
in classes. Generally
teachers showed very
accepting and respectful
fn-class deseanor.
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7

Use of

Site visitor: “High
time-on-task.”

Unavailable from site
notes.

Lower-level classes do
4 lot of worksheets In
class--a practice of
nixed value. Otherwise,
we saw qood solid use
of class time.

Excellent--they have
7 or 8 50-minute
classes a week and
use every ainute of
it well. Kids:
"There’s no time to
oisbehave.”

S0 - $0 ~-

Some students not
engaged,or doing
h(-enor‘ during class.

Very efficient use
of class tiee--

Very efficient yse
of class time--
very i1ttlc wasted-
studen” s at the
board a 1-*

8

Spend
Extra Time

The core of 5 spend
lots of tise oa
contests.

(They teach all the
advanced courses)

The 12 staff tesas
meet regularly after
school with no
compensation.

Superintendent says,
“They stay Jater tias
any other dept.” Math
team corsumes 3-4 days
of one teachert
after-school time.
Othexsappear to put

15 a2 1ot of time too --
student muct during
prep per |eans pre
done after schoal, P

Mot addressed in
site notes

Yes, teacher spends
all available time
with students,

Extracrdinery:
curriculum, worksheet
development; sonitor-
ing supplementary
programs; sath tesm.
Chair: °f spead
most of my time
between 5:30 AN,

and midnight on

this program.®

Dept. head’s time
spent 1s exceptional.
Sells refreshments
at athletic events
with his math tesm
kids to get travel
money for teams.
Other teachers avail.
to students 1 to 2
hrs. after school.

9

Mutually Supportive
Sharing, Collegtal

"A spacious math/sci
planning area® where
each teacher has
cubicle. Each course
Ras 3 course comittee.

14 teachers

Tesn - teaching, they
take care of each

other. Site visitor:
"Teachers really feel
they have responsibility
for department.”

24 teachers

4 - house system works
aqainst real collegfality.
Within each house, how-
ever, teachers share
materfals and {deas

with each other.

18 full time, 5 part
time teachers

Students told site
visitors: *Program
works because the
teschers work together.®

5 teachers in the
program

Mot really relevant

1 full time, 1 part time
teacher

At least the 5 or 6 at
the cors of the dept.
obviously care about
each other a lot-

“Us against them"
attitude. They develop
worksheets in teams.

8 teachers

10 or so hyve lunch
together every day ~-

& semi-conscious attespt
to facilitate communica-
tion. Staff meets by in-
course groups

11 full time, 1 part
time

LEADERSHIP
10 11 MISCELLANEOUS
Smoothly Managed, Vision, Stimulates
Removes Distractiors Professionaliss

Chair primarily mana-
gerial. A core of
5 females really run

department.

5 changes in principal
in the past few years,
yet school is smoothly
run “because dept.
heads run {t."

{site visitor)

Superintandent a strong
advocate of the program

and of the coordinator
with the board.
Coordinator acts as
dept. head, but loses
some contact because
of X-12 duties.

Nothing clear emerges from

site visitor notes.
There have been five
principals since 1975.

The former principal
and superintendent
brought success to the
program by developing,
with the math teacher,
2 winning math tean
and changing popular
perceptions of the
pregram,

Oept. head works well
with staff; somewhat
antagonistic to adafin-
istration — 3 sense
of qoing it alone,

Oept. head stands way

sbove other dept. heads

in the school 1n his
effectiveness with

administration. He gets

Oept. head spearheaded
dept’s smditiais math
contest progras. She
{s seen as “nonauto-
cratic, caring,
supportive,®

Math dept. head does
outstanding fob of
deleqating authority,
allowing staff to
experiment with
curriculum, He pushes
them to meet often.

Supt. and math coordi-
nator act inconcert
to murture profession-
alism of staff-«
coordinator has taken
teadership in ¢ wuter
use, ssintains aqood
cosmunication with
sciesce dept. Math
staff shows a lot

of own {nitiative.

Projram arose through
collaboration between
teacher and district
coordinator for math --
other than that,

notes uninformative,

formes principal and
superintendent’s yision
of excellence through
a3th team success now
sustained by math
teacher.

The S cors members of
the dept. admire Mg.
share her vision --
€.g., about keepl
quall.ty of mu?’
aath high —- dut are
::lost ndependent of
r.

Dept. head has power-
ful vision about the

value of math tess.
He leans on staff to be

‘nvolved with students

what he wants --
separate wing for
math dept., hiring, etc.

outside of class; gets
rost of staff together
each day for Yunch.

10 teachers lost in
past 8 years

11 teachers lost,
sostly to {ndustry,
Z years ago

low teacher turnoves

low teacher turnover
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INTRODUCTION

We chose the ten case studies that follow on the basis of several
criteria. Tirst, we chose on the basis of variety in school setting:
two are schools in the Northeast, one is a West Coast school, one is in
the Southeast, and six are in the Midwest; two are schools in large
- cities, four are schools in small cities, three are suburban schools, and
= “the last is a small rural school.

Second, we chose on the basis of school level: one is an elementary
school, one is a junior high school, and eight are high schools, one of
which includes junior high grades.

Third, we chose them because of the variety of outcomes. Test scores are
very high at seven of the schools; course enrollments in mathematics are
exceptionally high at six of the high schools; the elementary school and
several of the high schools have programs which immerse students in
problem solving; four of the schools make extraordinary efforts to
nurture the success of minorities ir mathematics; five of the schools
have superb records in extracurricular involvement in mathematics and in
contest activities; four of the high schools have expansive and
imaginative programs in computer use.

Fourth, we chose the programs because they represent a blend of
interesting educational experiments and programs long established as
exemplary. The man behind the success in Sampson Middle School has his
“top-down" philosophy of program improvement: the person who began the
success at Deer Run talked of his conviction that “results follow
perceptions;" Greeley has its commitment to excellence with equity;
Dawson's staff has immersed itself in the CSMP program, while trying not
to Tose the best in its old curriculum; Taylor's integration of the
computer in the curriculum could make it a belwether for other schools;
and, finally, Trinity's teachers have their strong commitment to have
everyone involved in problem solving and mathematics contests, and their
determination to use general mathematics as an entryway into further
mathematical study and success. Summit and Jackson are innovative
programs for teaching mathematics to talented students. In contrast to
all these schools that are relatively new to excellence, East High and
Silv$r Valley High are models of consistency in their long traditions of
excellence.

Finally, we chose these programs for case studies because each of our
hypotheses about factors and conditions associated with excellence in
mathematics is well illustrated in at least one of the narratives. Those
hypotheses are:
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Background

1. The community values mathematics achievement and these values are
effectively communicated to students -- the students want to learn.

Curriculum and Implementation

" "2. Homework plays an important role -- in amount and frequency, in the

feedback given, and in its connection to classroom practice.

3. The whole program is structured, and understood by staff and
students, so that students can and do move flexibly within an array
of courses and levels to maximize success.

4. The curriculum has the blessings of the mathematics staff. If they
have not had a hand in developing the curriculum, they have at least
adapted to it and developed a sense of ownership of it.

Teaching and Staffing’

5. High expectations for success in mathematics are consistently and
effectively communicated to students.

6. There is a consistently supportive environment for learning in the
classroom that accommodates risk-taki ng.

7. Class time is used efficiently by both teachers and students.

8. Mathematics teachers spend considerable extra time working with
students and/or preparing materials.

9. Staff are dedicated and function as a cohesive, sharing, and mutually
supportive unit.

Leadership

10 Exemplary programs are characterized by the kind of leadership that
results in a well-run, well-organized department that frees teachers
from non-instructional distractions.

11. Exemplary programs are characterized by leadership that makes it
possible for teachers to feel and act as professionals, and that
stimulates questionning, sharing, and taking part in ongoing
professional interactions.

The school names and the names of the people in the case studies are
pseuuonyms. By agreement with the National Institute of Education, we
have guaranteed anonymity to the participating programs during the course
of the study. All other facts about the programs -- geographical region,
size, etc. -~ are real. Indeed, we expect that many readers who are
mathematics educators will be able to infer the identity of several of
the programs from their distinctive characteristics. In any event, it is
our hope that readers will draw both insight and inspiration from the ten
stories that follow.
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DAWSON ELEMENTARY SCHOOL

“The teachers here have high standards. No one is marking time,"
Dawson teacher, a veteran of four other schools in the district.

oo "Dawson never does anything on a minimal basis."
Parent of a Dawson student.

Most elementary school mathematics programs are cut from the same mold.
Textbooks do vary and, occasionally, so do the sequences in which topics
are covered, but the general character of what Students experience in the
Classroom stays the same from school to school. Dawson Elementary School
is a refreshing exception to this rule, not only because the teachers and
administrators experiment with new classroom experiences, but also
because they have gained excellent results in the process.

Before students finish the sixth and final grade at Dawson, they have
been immersed in mathematical problem-solving, been exposed in more than
a passing way to logic and mathematical apolications, and been challenged
repeatedly to take responsibility for their mathematical learning.
Several factors converge to make all of this possible. The curriculum.--
partly prepackaged and partly homegrown -- invites enthusiastic
participation by the students; furthermore, the people behind the program
are outstanding in their thoughtful dedication. The teachers reflect
deeply and broadly about mathematical learning and they work
excepticnally hard to make their vision come to life; the administration
shares their vision and supports them in it.

Background

Dawson is a K-6 school 1ocated in the residential section of a small city
(population circa 105,000), the home of a large Midwestern state
university. The school population numbers 365 strents and 13 teachers.
Because it serves as the school for children of the university's foreign
graduate students, Dawson has about 50 children from 25 different
countries.

We were attracted to Dawson because of its test results, the involvement
of students and staff in problem-solving and mathematical applicaticns
outside of class, and because of the variety of classroom problem-solving
and computer activities. In particular, fifth-graders Jast year averaged
7.1 on the computation section and 8.2 on the mathematical concepts
section of the California Achievement Test. In a district-wide test,
sixth-graders at Dawson were at the top in both computation and
problem-solving in a comparision with the 25 other elementary schools in
the district. Students can take part in a math club, use a microcomputer
laboratory before school begins, work on LOGO and BASIC in class, and




engage in "Problem of the Week" sessions which stress nontraditional
problems. Dawson has taken its mathematics program well beyond the
boundaries that typically limit elementary school programs, yet has
managed to maintain a successful record in test scores.

Within the past few years, Dawson's school district has adopted the

. -Comprehensive School Mathematics Program (CSMP) as its mathematics
- “curriculum at the K-3 level in all schools. Primarily because of the

enthusiasm of the principal and several teachers for the program, Dawson
Elementary School has adopted the entire CSMP K-6 curriculum. That move
occurred in the 1982-83 school year, and the transition demanded even
more time and energy from an already generous staff. In 1983-84,
adaptation to the change was complicated by a fairly bitter teacher
strike in the district, which delayed the opening of school for three
weeks. The dust from the strike had barely settled when we visited in
late October.

Two site visitors spent three days at Dawson Elementary School. It was
our first visit to an exemplary elementary school in the study and, as we
entered the school for the first time, we were reminded that elementary
schools can be a bit more experimental in creating atmospheres than
schools for older students. In the school's foyer was a giant display
case highlighting several mathematics books and problems from CSMP and
from the Oregon Problem Solving Project. It was the only display in the
main entryway, and it used some pleasant graphics to challenge viewers to
take a crack at the "Problem of the Month", an exercise in uncovering a
number theory pattern. The display was derived from a mathematics
newsletter which one of the teachers sends throughout the summer to his
students, challenging them to solve problems 1ike:

"What does each set of numbers have in common?
A. 35, 56, 91, 112, 168, 2247
B. 59, 68, 77, 95, 86, 1094"

The display was typical of the efforts we observed during our visit to
keep mathematics visible and perceived by students and parents as both
valuable and entertaining. Many schools stress the value of mathematics
but they often work from a limited view of mathematics; Dawson excels in
that it transcends the usual tendency in elementary schools to locate the
primary value of mathematics in mastering basic algorithms.

In many communities, the combination of a new and nontraditional
curriculum with a divisive teachers' strike could be devastating to
school -parent relations. Though not unscathed (several mothers
approached the head of the school PTO with: “After that strike, don't
expect me to be baking any cookies for the school this year,.."),
Dawson's mathematics staff seems generally to have retained the trust and
support of parents. When CSMP was adopted, the district ran a series of
meetings for parents to explain the program and to assuage fears ahout
children's losing out on the basics. It was not clear tc us how well the
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communication was working elsewhere in the district, but Dawson appeared
able to capitalize on the trust in the staff already established among
parents, even though the Dawson task was compounded by their K-6
adoption. A fear about CSMP's coverage cf the basics, such as the
long-division algorithm and algorithms for manipulating fractions, arose
among Dawson parents as it did throughout the district, but those parents
we spoke with remarked how willing the teachers were to supplement and to

~."send home tailor-made basics work with children on request. (One parent
expressed her trust this way: "We recognize that the Dawson teachers’
commitment extends beyond 9 to 4.") And many of the parents are
reflective enough to recognize the value of CSMP, which seems to one
parent we spoke with to be "a way of thinking about why you are doing
what you are doing, and why it works."

Several mothers described their confidence in the mathematics program
with strikingly similar stories: “My daughter is no whiz in mathematics,
yet she's doing all right, and though she might complain about other
subjects, she never complains about her math. Also, I see she can apply
it in her everyday 1ife -- in measuring and shopping, for instance."

Unlike a few of the programs we visited, which thrive almost in spite of
their surroundings, Dawson's mathematics program obviously benefits from
several environmental factors. For example, the proximity of the state
university has its indirect salutary effects through courses taken by
Dawson teachers and through the teachers' contact with university
faculty. But the outstanding background feature is undoubtedly the
tightly joined commitment to excellence, expressed in the open community
trust in the teachers' hard work, availability, and cooperation.

Leadership

While the mathematics program at Dawson thrives in an environment that
supports its rare, dual impetus toward success and innovation, that
supportive environment hasn't developed on its own. The large and
excellent university influences the culture of the city and the values of
its residents. And Dawson Elementary School serves families that are
primarily middle class and educated. (It does not, however, have the
community's wealthiest parents. Several elementary schools are better
off on that score.) But such conditions exist in many other American
communities as well, and they do not often translate into the
enthusiastic and wide-ranging support we cbserved around Dawson, the kind
of support exemplified in a passing remarx made to us by the head of the
school PTO: “To apply math, you can't stick with the text." Support of
that kind is born of trust in the teachers, but it is nurtured through
the enthusiasm for the program of the administrators, from the principal
to the district office.




The principal supports the program in several ways. A former district
mathematics specialist before he became a principal twelve years ago, he
is very strong on K-6 articulation. Indeed, despite our focus in the
study on grades 4 and above, he insisted we visit a second-grade class to
observe how the primary level children are prepared, and he accompanied
us there to make sure we enjoyed it as much as he does. He is a strong
advocate of CSMP and is enthusiastic about some of the effects he has
observed during its implementation. ("It is not uncommon to hear
applause coming from CSMP classes.") At the same time, he is proud of
the supplementary activities such as the math newsletter, the math club,
and the mutual relationship developed between Dawson and a
mathematics/science education professor from a college in a neighboring
community. There are occasional visits of the professor to do
electronics and logic work with the fifth grade, and occasional visits of
the fifth-graders to the professor's education classes to model their
CSMP classroom activities.

The principal's stamp of leadership is on the program in several ways.
He led the way to the K-6 CSMP adoption in Dawson. Partly in
coordination with a district move toward subject specialization in the
intermediate grades, he has moved one fourth-grade teacher (strong
point: reading) away from teaching mathematics and one fourth-fifth
grade teacher (strong point: mathematics) into teaching only
mathematics. Finally, he has shown his trust and confidence in the
teachers by minimizing his interference. They are, as we describe later,
a very proud and professional groip of teachers, and he treats them that
way, in particular allowing several of the strong individuals on the
staff to be themselves.

If the principal's role has been to allow the innovations to happen, the
real impetus to ensure that they do happen has come from the district
office, in the persons of the Mathematics Specialist and the Coordinator
of Secondary Education, formerly the Mathematics Specialist. Both women
are strong advocates of CSMP and have been responsible for its
implementation. This has been a complex and challenging task in that it
involved first winning over the administration, teachers, and parents,
then providing each teacher with the training and support necessary to
use the CSMP materials, which demand consistent nondirective questioning
in the classroom and hence a special brand of teacher training. One or
the other of the women visits each CSMP teacher in the district at Jeast
twice a year to extend this training and to smooth the CSMP adoption. (A
second;year CSMP teacher at Dawson said she was visited by them once a
month.

Like CSMF, subject specialization has been the occasion for increased
teacher training. As the district moves t.ward specialization at the
intermediate level (currently, about 20 percent of the elementary.school
children in the district are 4aught mathematics by specialists), the two
administrators have designed seven fifteen-hour courses for district
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teachers. The program, dubbed the "Mathematics Endorsement Program,"
will be integrated into a requirement for specialization at the
intermediate level. Topics for the courses are problem-solving,
geometry, probability and statistics, and computers. (A1l of the
district teachers of mathematics in grades 4, 5, and 6 have taken the
computer course.) Furthermore, through these two administrators, the

- -district encourages teachers to attend professional meetings, providing

- “release time and substitute teachers, as well as some travel and expense
money. In short, training and professional development have become
essential components in the district's mathematics program. |

While she was the Mathematics Specialist, the Secondary Coordinator
earned & statewide reputation for her vision and for her effectiveness.
She not only engineered the district adoption of CSMP, but cleared the
way for teachers in the district -- and especially at Dawson where some
of the best are congregated -- to push past the usual limits on
elementary school mathematics and to challenge their students to be young
mathematicians. Her ambition and pride have been extremely influentsal
in the district's experiment with elementary level mathematics, and she
has played a central role in fashioning Dawson as the centerpiece of that
experiment.

Like other visionary leaders we met in this study, she is an opportunist
and a publicist, eager to aggrandize the efforts of her mathematics
teachers. On our arrival at 8:00 a.m. for a second day at Dawson, we
were greeted by a reporter for the city newspaper, invited there by the
Secondary Coordinator to talk with us and her about the nature of our
visit, and to watch the exemplary teachers in action.

Curriculum and Implementation

The CSMP curriculum is distinctive in its nontraditional approach to
teaching mathematics. Concepts are developed through the use of three
visual "languages”: the language of strings (Venn diagrams used to
develop number concepts and a facility with sets), the language of arrows
(a functional approach to operations), and the CSMP “minicomputer" (a
pictorial abacus used to develop place value and other concepts).
Probability, statistics, and transformational geometry also are threaded
into this spiral curriculum, which places a heavy stress on mental
arithmetic, pattern-finding, and analytical thinking.

Because it is so nontraditional, the curriculum could intimidate teachers
and alienate parents. As noted above, however, the Dawson parents appear
to trust the wisdom and commitment of their principal and teachers and,
partly through the CSMP orientation sessions provided by the district,
also appear to have developed their own cautious enthusiasm for the
program. :
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For their part, the staff were well geared for CSMP when it came along.
Three of the veterans had already established their own nontraditional
approaches to teaching mathematics -« incorporating logic, programming,
and mathematical applications such as electricity and banking into their
content, along with some special attention to the student interactions
that ensue when such matheimatics is encountered. And, once the CSMP
_curriculum was adopted, none of the teachers allowed themselves to become
tied to it totally. We saw a fourth-grade teacher, new to CSMP and in
her second year at Dawson, who spiced a CSMP lesson with her own
improvised “Facts of Five" drill. She interrupted the drill several
times to ask the class what patterns they saw in the growing table of
multiples of five, and the children enthusiastically bounced up and down
as they recognized and pointed out patterns. When we commented to her
how exciting it was for us to sit through such an innovative drill, she
observed: "I couldn't have done that before CSMP. Did you see how well
they do mental arithmetic and even handle negative numbers? That's CSMP."

Her attitude is typical of the staff: make use of CSMP, but don't
abandon supplements deemed important. We saw a teacher of the fourth and
fifth grades using activities drawn from the Oregon Problem Solving
Project and Creative Publications, from the LOGO programming language,
and from application activities developed by the professor from the
nearby college. Two other teachers have developed their own banking and
merchandising activities for the sixth grade. The widespread willingness
to complement CSMP with other valuable activities gave much of the life
to the vibrant program we observed at Dawson Elementary School.

Given the teachers' zeal, it is easy to miss another strong point in the
program, one that is tied directly to the CSMP adoption. The individual
lessons and the sequencing of lessons are such that a consistently full
55 minutes of mathematics are required every day. Coupled with the
existence of a separate "Problem of the Week" session run for twenty or
so students ty the teacher who handles the fifth grade and half of the
fourth grade, this means that Dawson students do a healthy amount of
mathematics.

The introduction to CSMP, however, apparently was rough for several
teachers, for several reasons. They felt that the time spent with them
in training was inadequate, especially with regard to supplementing. As
we described above, the job of supplementing CSMP is proceeding smoothly
enough, but it has cost the teachers in terms of time and strain. One
teacher told us how she had realized during the administering of an
assessment test, to her grief, that her students were unfamiiiar with the
long-division algorithm, so she called a halt to the test-taking 1ang
enough to give them a brief lesson on the algorithm. Another teacher,
though a strong CSMP advocate, described himself as “buried in work" due
to his supplementing. The CSMP program has obviously engendered a-mixed
reaction from the teachers. By dint of its focus on open-ended and
critical thinking, it invites creative supplementing by the teachers, and




they seem to welcome that. On the other hand, some of them chafe when
they find themselves expending energy to fill in gaps in the program that
they refuse to gloss over. Dawson is in a curriculum quandary that will
not disappear quickly, but it is testimony to the dedication of the
teachers that excellence continues unabated.

. Jeachers and Teaching

The mathematics teachers at Dawson devote themselves to their craft in
ways that seemed classic by the time we completed our site visits to
exemplary programs. Like their counterparts elsewhere, they use time
superbly, go to pains to minimize failure and to maximize expectations
for success for their students, and maintain a staunchly professional
posture,

In the seven mathematics classes we observed, we saw precious little time
wasted. The non-mathematical items that were dealt with were dispatched
quickly. ("I know you have Halloween candy from your Trick or Treating
last night. 1 don't want to see or hear it"). Furthermore, every
teacher used a variety of questions and used them frequently. ("Can
someone give me some other names for 3/4?"; “How did you get that?";

“Is 56 a multiple of 10?"; “Who can give me a number less than -10?").
Even the fourth-grade "Facts of Five" dril] was elevated from the mundane
task it usually is to a dynamic give-and-take through the teacher's
questions and her stress of patterns.

Ironically, the strong pedagogical skills of the staff have grown from
what one sixth-grade teacher described to us as two different educational
philosophies. In his opinion (and in ours, too, on the basis of our
brief visit), the fourth and fifth-grade teachers built their style
around the mathematics and mathematical problem-solving strategies
derived from CSMP, LOGO, the Oregon Problem Solving materials, and so on,
while he and the other sixth-grade teacher placed a heavy emphasis on the
role of "affective education in cognitive learning.” They come by their
focus on affective learning naturally: one is a former clinical social
worker, the other a former staff member of a hospital for emotional
disorders. One result of their emphasis on affect is open attention in
the classroom to the issue of student responsibility, as in the following
comments and questions we noted in one class:

"I see the same hands up. Some people aren't working."

“How many of you are uncertain whether this is a review?"

"These are the kinds of side issues about fractions which you need to
consider.

The second sixth-grade teacher, on leave this year to develop computer

materials for the district, gave her own assessment of the philosophical
underpinnings: “We are very success-oriented. We want the kids t/ feel
successful.” She described for us their efforts to “take the challenge
posed by students coming into the sixth-grade with their preconceptions
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about who is good and who is not," in particular, seizing opporturnities
to highlight the good test results of those who zre seen as l1ow on the
totem pole.

The sixth-grade teachers also employ an imaginative technique they call
“the 100 percent clue." If a student turns in a paper containing a

- -mistake, one or the other of the teachers says something l1ike, “You have
one mistake; I'11 give you 3 1/2 minutes in which to find it, correct it,
and earn 100%." “Sooner or later," they told us, “that student is
turning in 4 100% paper.” The teacher on leave went on to teli us: “NWe
try to assess student needs every six weeks or so, and make changes
accordingly. We will ask in class, 'Who wants a review'?, then split the
students up between us. One of us will take the review students, the
other will take the rest for a day or more of enrichment. We trade the
review and enrichment groups or.casionally and, when we do that, we renew
ourselves as teachers."

This conscious effort iv take care of themselves while they take care of
their students is typical of the professional posture and cooperative
attitude of the Dawson teachers. Theirs is not a unified sense of
collegiality, as it is in many of the programs we visited. The two
different "philosophies" legislate against total unity. Yet there are
sharing and cooperation, nonetheless. The fourth-grade "Facts of Five"
teacher, who is in her second year at Dawscn and who has taught in four
other schools in the district, proudly told us how teaching magazines are
circulated around the staff, and that they are read and discussed. She
remarked how freely materials, ideas, and ditto sheets are shared among
staff members, a significant change, she said, from the jealousy she
experienced in other schools. Nor does this strong professional stance
stop with the mathematics people. A fourth-grade teacher who teaches no
mathematics is a former language arts specialist and program planner for
a professional reading organization.

The staff commitment to professionalism had one manifestation we found
especially touching. Because he has become convinced of the value of
LOGO, the fifth-grade mathematics teacher purchased two Texas Instruments
microcomputers and the LC50 software with his own money and placed them
in his classroom. (The school makes available a lab with six Commcdore
Pets, under the librarian's supervision, for use before and after school.)

Despite the sharing of ideas and materials among teachers, the
communication patterns need honing. The sixth-grade teachers feel very
independent and self~reliant in the implementation of their affective
educational goals; the fifth-grade mathematics teacher is fntently
focused on his use of CSMP and his supplementary computational,
problem-solving, and LOGO activities. There is, however, little talking
across the two grade leveis. Consequently, two “educational )
philosophies* that needn't be in conflict are left to appear that way.
The rift is not ?reat and does not threaten the program, but we were left
wishing it weren't there and wishing that the principal would take a hand
in improving the staff communication.
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Despite the lack of coordination between the two "philosophies," Dawson
students seem to thrive through the double challenge., Before they reach
the sixth grade, mathematics classes are full of mathematical
challenges. During our visit, for example, the fifth-grade teacher
challenged them with materials on the logic of and/or gates, using a

. -calculator as a model, and on set concepts from the rather sophisticated

- - Elements of Mathematics Program from CEMREL. His higr expectations and
enthusiasm for such activities have been contagious enough so that a

handful of students now subscribe to the magazine, Oregon Mathematics
Teacher, and maintain a watchful lookout for good problems.

In the sixth grade, the mathematical challenge is still alive for the
students, but it takes on a flavor of self-knowledge. Classroom
interactions now guide them toward recognizing the extent of their
responsibility in learning mathematics -- when to ask for review, how to
eliminate carelessness, and so on. Although the staff and program would
benefit from weaving the two approaches together, the present situation

suffices to give the Dawson students far more than is the lot of their
peers in other schools.

The trend toward subject specialization has brought several new tensions
to the Dawson program. Only one of the teachers specializes in
mathematics; he teaches mathematics tc all of the fifth-graders, as well
as half of the fourth-graders. But two fifth-grade teachers teach no
mathematics at all, and the school was unabie to go after a repiacement
for the sixth-grade teacher on sabbatical because, as is the case every
year, the final number of students was not settled until the foreign
graduate students mcved to the state university in late August.

Consequently, we saw mathematics classes as large as 42 and 45 students
(as well as a few in the low 20s). Tne teachers of the large classes we
observed did a remarkable job of keeping students on task, of maintaining
a continuous flow of work, and of involving students with open-ended, as
well as single-answer, questions. Even so, in each of the two largest
classes we visited, we estimated at 1east 20 students who gave no
indication during the hour whether they understood or were totally
confused. Furthermore, a few occasional student comments, indicating
either misunderstandings or good insights, were ignored. The return next
year cf a second sixth-grade teacher should mitigate some of the problems
of class size, but neither the principal nor the teachers expressed
concern when asked about the effects of size. Such is the confidence in

their teaching skills, yet we thought their lack of concern short-sighted.

Nor does the specialization sit well with those who no longer teach
mathematics. One of them remarked that she missad the flexibility
allowed in the self-contained classroom, the freedom to expand or
contract the amount of time devoted to a particular subject depending on
need. She also remarked that she missed teaching mathematics, though her
shaky and frustrating introduction to CSMP, with what she saw as
inadequate training and several materials foul-ups, had convinced her to
step aside.
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So, all is not smooth in the Dawson mathematics program. With the CSMP
adoption and the trend towara subject specialization in the district,
together with the stress brought on by this year's strike, the program's
flow has run into a few rough spots. Yet there is no threat to the
program: the talent, energy, and integrity of the teachers are too

. ~strong, as are the support and trust all around them. Their challenge is
not to survive, but to fashion their experiments with CSMP, with
specialization, and with supplementary activities inte a program that is
even more exemplary than the one we visited.

Summary

In The Good High School, Sarah Lightfoot makes the point that conscious
change is a hailmarE of good schools. In order tc improve, a school must
choose its goals, choose its methods, and attend carefully to both. Like
the other programs we visited in our study, Dawson Elementary School
exemplifies such conscious change, yet in its ambition ard innovation, it
far exceeds the standards for conscious change set by most good
mathematics programs.

The teachers who make the program thrive are webbed in support from all
sides -~ from the rearby college and university with their intellectual
support, from the parents with their trust, from the principal with his
pride and moral support, and especialiy from the two district

administrators with their respect, encouragement, and material support.

Without any doubt, however, the strengths of Dawson's mathematics program
flow from the strengths of the teachers -- their hard work, their
reflectiveness and expansive thinking, their high expectations for
themselves and their students. They have an image of themselves that is
far grander and more professional than is typical for elementary school
mathematics teachers. And they picture the yourg people they teach as
much more than mere repositories of information; to them, they are young
explorers who can be challenged to their 1imits in both mathematics and
self-knowledge.
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SAMPSON MIDDLE SCHOOL

"We believed in the idea that what was wrong with much of public
education was the failure of responsible people to make tough
judgments.”

Superintendent, Sampson Public Schools

_ The tough judgments in Sampson were made by the school board and the

- superintendent, but whern it came time for action, they brought in
participants from every group that had decried Sampson's educational
mediocrity. Teachers and administrators were enlisted to transform the
curriculum, and citizens with a penchant for tutoring or for running
supplementary programs were invited to become part of the new order. The
editor of the local newspaper became an active ally, as well as moni tor,
in the process of change, and through his efforts public interest swelled
and support was sustained at the polls. The results have been
phenomenal. In seven yearc, the system, and the middle schonl's
mathematics program in particular, have been propelled to excellence.

Two site visitors spent two full days at Sampson Middle School. We
observed classes, interviewed all of the seven mathematics teachers, a
few ¢ their students, the superintendent, the principal, the assistant
principal, the two school guidance counselors, and the district
coordinator of gifted education. The picture of Sampson's success
described by all of these individuals was consistent and it was simple:
a fully cooperative effort to design and carry out changes mandated by
the school board at the superintendent's request, has led to a deep sense
of ownership of the program on the part of teachers and other staff, and
high expectaticns for success among the whole community, including
students.

Background
Sampson (population 35,000) is a suburb of a Targe Northeastern
metropolis and contains an even mix of blue-collar middle class residents
with white-collar middle to upper middle class residents. It ic a siight
anomaly among communities alang the Bo-Wash Corridor, in that it is a
very stable community ("“People 1ive and die in Sampson," we were told by
one of the school's guidance counselors), with two-thirds of its
population married couples with children, and fully 80 percent of the
high school's graduating seniors composed of students who attended
kindergarten in Sampson. There are some blacks, Asians, and Hispaxics in
the town, but Sampson is predominantly white and has a large and
well-established Italian-American community.

Sampson Middle School comprises grades seven and eight, and is the only
junior hign school in the town, taking students from five public and two
parochial elementary schoois. There are 635 students and 48 fulltime
teachers in the school, with 7 teachers specializing in mathematié¢s. The
school has a distinctly safe and orderly aspect, enhanced by its age and
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grace. It was built in 1927 and retains that substantial look and feel
of buildings from that era, sporting carefully maintained WPA murals in
its spacious auditorium, large new windows throughout, and hallways which
are immaculate and very, very quiet. It is an environment that invites
visitors; parent groups and civic groups reportedly use the auditorium
frequently. It is also an environment that encourages serious and
businesslike attitudes in students and teachers. As one mathematics
teacher who has taught in other schools told us, "It is a joy te teach in
-a.school where students know they are expected to work."

The 3ampson community attends to its schools as much and as carefully as
any of the communities we visited. Its concern as well as its stability
are reflected in the nine-member school board, whose members tend to stay
in office for two terms or more. The current president has been on the
Board for 10 years; the man who had been president until two years ago
was on the Board for 29 years. More important than members' longevity,
perhaps, is their rejection of the aloofness that so often defines schoo!l
boards' relationships with schools, exemplified by their invitation to
students who score 100 on the district mastery test to each June's board
meeting for recognition and praise. The newspaper ¢ "tor, Yom Larsen,
provided some special insight into the Board's interest and commitment.
He has covered every school board meeting in the town for years and can
contrast what he has witnessed there with what he knows is the norm in
board meetings in similar towns. "Other school boards are likely to take
up entire meetings arguing about who let whose brother get the plumbing
contract in a particular school, or something similar. In Sampson, the
meetings are almost always focused on education. Just last week I went
to a meeting wnere they were discussing the possibie adoption of a new
science textbook. It appeared that every board member had read the
book." Larsen provided another insight into the background cf the
mathematics program we were studying. In a state where political
corruption is not rare, Sampson has not had an incident of corruption in
the municipal government in over 50 years.

Schoo? support flows from the community in other ways besides the school
board's attention, some invisible, others visible and serving to
perpetuate the aura of excellence. A cadre of 35 senior citizens present
one quiet, if not invisible, 1ine of support with their tutoring program
in the elementary schools. The local newspaper editor provides a more
visible means of support through his paper, a vehicle that he has used as
a stavnch supporter of the schools {and especially of the superi.tendent)
in their recent rise to excellence. He ran on> editorial and two
front-page articles hailing our visit to Sampson Middle School, and in
the second article he announced that his paper would sponsor a "Pride Day
Banquet" for the seven mathematics teachers at the school and coupled the
announcement with a picture of the teachers. 5ince our visit, and mostly
in response to it, an Academic Boosters Club has been formed in the town,
composed of prominent citizens who want to highlight excellence in their
schools. In post-visit communications with me, the superintendent.
proudly opined, "We are probably the only town in the state with an
Academic Boosters Club."




In a way, the state's governmental structure has made it possible for the
entire town to show its support. Every m icipality in the state votes
on its school budget, and in Sampson that ..1s meant deciding on how
important class size is and how valued individual teachers are. The
principal of Sampson Middle School acknowledged the astounding support of
the community and Board when he told us: “In my seven years, I haven't
had to “rif" any mathematics teachers, even though the schoo)l has shrunk
from 810 students to 635 students.” As a result, mathematics c’ass size
in Sampson Middle School averages around 20 students, a luxury everyone
seems committed to defend.

As in all the communities we visited, we concerned ourselves with the
intensity of parent involvment in the Sampscn mathematics program,
wondering how strong a factor it might be in the excellence of the
program. Parents do involve themselves in the Sampson Middle School
mathematics program. but the intensity of the involvement seems
proportional to tie lTevel of the students: the lower a student is
tracked, teachers told us, the less responsive are his or her parents to
progress reports and other feelers sent home.

This news seemed only a slight bit of tarnish on an exhilarating picture
of community support, yet the support, like the rise to excellance, has
been a recent phenomenon in Sampson. Seven years ago, the town was
forced by its new superintendent to ook at its relatively Tow standing
in test scores, in both local and state comparisons, and the shock and
sname that was generated led to calls for change and, in the
superintendent's words, “tough judgments." Of particular concern were
the following statistics: sixth-grade students were testing at adout the
67th percentile in the state basic skills test in mathematics; seventh
graders were testing at the 41st percentile in total mathematics in the
Iowa Test of Basic Skills (ITBS); and eighth grader: were testing at the
39th percentile in ITBS totai mathematics. At that point, the current
superintendent was given the fiat to make changes, and changes began to
take place.

Seven years later, the transformation has been amazing. Sixth graders
now test at the 99th percentile in the state basic skills test and the
seventh and eighth graders test, respectively, at the 99th and 97th
percentiles in ITBS totai mathematics. (Note: While this case study was
being prepared, the 1984 ITBS scores arrived, and both seventh and
eighth graders are now scoring at the 99th percentile.) Also, while 25
students took eighth-grade algebra in 1978, the number has now climbed to
69. Furthermore, in the words of the Sampson Middle School principal in
his application for selection in our study: "In addition to testing,
ninth-grade course selections are another indicator. The last two years
have seen an increase in the number of eligible eighth-grade algebra I
students who select accelerated algebra in grade nine (an increase from
one-third to one-hal f), and this year, the first year of prealgebra -in
grade eight, almost all prealgebra students have enrolled in ninth-grade
algebra I." During th: same period, the numbers of students in the
Towest, remedial track have been reduced by haif, important testimony to
the universzal nature of the rise to excellence.




Leadershig

At Sampson, as at every site we visited, we looked for the stamps of
leaders -~ behaviors and decisions that have had an annealing, nurturing,
or guiding effect on those who have made the mathematics program as good
as it is. Given the evident and carefully planned nature of Sampson's
rise to excellence, the groundswell rising from the “tough judgments" at
the top of the administration, it was clear to us that leadership would
be a prevalent theme in our interviews and observations. Though the

~ primary decisions were made at the top, others in the district have shown
the force and influence on the program of their own behavior and
decisions. The principal, Anthony Parente, maintains such a Tow profile
in Sampson Middle School that a third-year mathematics teacher told us:
"He sat in on one of my classes last year, and I didn't know who he
was.” And yet it was clear to us, as it was to that teacher, that the
comfort and sataty in the school envircnment and the very businesslike
expectations, were the direct results of Parente's firm control. He has
also assumed the role of a middie-level officer -- a captain or major --
in the superintendent's camoaign for excellence, participating with his

teachers in Saturday plann: g sessions, even though administrators, untii
recently, have been unpaid for those efforts.

At another level of leadership, the two guidance counselors in the middle
school have taken steps to ease the burden on the mathematics teachers.
They meticulously nurture the articulation of the mathematics program
with the elementary schools, and they are assiduous in defining a role
for themselves as a buffer between parents and teachers. (Every
concerned or complaining parent is routed through the guidance office

befcre talking with teachers.) In so doing, they have earned the deep
trust and gratitude of the staff.

The mathematics chairman, who is a lawyer and is also the union
representative in the school, helped to lead the district teachers in a
spirited, though relatively rancor-free, struggle for a 19 percent raise
and “the best contract in the county" several years agc. He receives no
additional pay as chairman, and his leadership is not as pronounced as at

some other schools we visited, though his presence seems solid and his
influence real.

Of course the preeminent 1eader behind the rise to excellence of
Sampson's mathematics program has been the superintendent, Martin
Langone. When he began his tenure, he decided to focus the district's
attention on changes in the K-8 mathematics curriculum, and to fashion
those changes after a "top-down philosophy" -- that is, the belief that a
concentrated effort to improve expectations and achievement among top
level students would eventualiy filter down and improve expectations and
achievement among ali students. At this point a decision was made that
Langone, Parente, and the teachers all agree was crucial to the Sampson
turnaround. Offered $40,000 by the school board either to hire a .
curriculum coordinator for the district or to find a workable way to use




existing personnel to revamp the curriculum, Lange-e chose the latter.

In so doing, he set two pillars for support of the sxceilent mathematics
program that emerged several years later: he began the building of a
committed team and he gave them a clearly defined goal -- to revise the
curriculum, piece by piece, so that test scores would rise. "I showed
the teachers the test scores from some of the surrounding districts --
all higher than our scores -- and they got fired up to make the necessary
changes.*

““Curriculum and Implementation

To capitalize on their eagerness to improve the scores, he commissioned a
committee of K-6 teachers to meet on Saturday mornings to recommend
mathematics curriculum and textbook changes. Various texts were
scrutinized and textbook sales people were invited in to make
presentations; when the candidates were reduced to four, every district
teacher tried out all four. A poll led to the final choices. Next, the
district paid teachers from grades one through eight $15 an hour to meet
on ten Saturdays to revise the curriculum and to develop tests that
reflected those changes in the curriculum. Parente met along with his
mathematics teachers, and the tests they designed were deliberately
designed to be tougher than the state skills test. According to

Parente: "When the staff had a chance to make the tests easier, they
chose not to." To add fiber to the resolve emerging in the district, the
superintendent mandated a district-wide policy of a minimum of one half
hour of homework a night.

The mathematics program at Sampson Middle School has five levels. The
top level comprises students who have been identified as especially
talented at the end 2f grade four 2d who then take part, in grades five
and six, in a Saturday enrichment rrogram called the Cultivating Academic
Talent Program, a program whose first teacher, sleeves rolled up and
acting 1ike the former mathematics teacher he is, was the

superintendent. ("I wanted to show the teachers that these talented kids
could handle more sophisticated topics 1ike algebra.") At the lowest
level, the school and the district are proving that their commitment to
improvement is universal. There are 4 teachers and 1 supplemental
teacher for 57 students and, as we noted above, the numbers of students
at this level keep diminishing.

Is the "top-down" approach working? A1l of the people we talked with are
convinced it is working very well. They point to the halving of the
number of students in the bottom mathematics level. They also point to
the fact that the third level of the eighth grade now uses the textbook
used by the the second level until last year. A seventh-grade teacher
told us that her incoming students now seem better prepared in
computation, so she has the luxury of doing more geometry with them. The
department chairman, who teaches the top-level eighth-yrade (algebra)
class, acknowledge: that the kinds of word problems being covered by the
teacher of the top-level seventh grade (prealgebra) are not very
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di fferent from what he customarily uses with his group. Thus, he says,
he will have to Took for ways tc supplement and enrich his algebra
curriculum, because the students coming through the program are better
prepared. "Also," he added, “"there is ino way that we could have devoted
two weeks to computer 1iteracy several years ago," referring to this
year's decision to give every seventh grader a two-week computer literacy
mini-course as part of the regular mathematics courses.

- Articulation of the curriculum across grade levels has been a natural
outgrowth of the planned improvement ii Sampson. The cooperative
across-grades spirit begun by Langone in the Saturday meetings has been
continued by Parente, the middle school principal, who invoives high
school department heads in the middle school curriculum development -~
again on Saturday mornings. Despite her primary focus at the fifth and
sixth-grade levels, the district coordinator for the gi fted has conducted
two-week training programs with all of the middle school teachers to
prepare them for teaching gifted students. The two middie schoo’
guidance counselors consult with every sixth-grade teacher in the
district, discussing test results with them and listening to their
recommendations for placement. Furthermore, as the guidance counselors
pointed out to us, the improved record of success at the elementary level
(test scores have been rising there, as well), along with the
four-year-old homework mandate throughout the district, has instilled a
set of higher expectations in incoming seventh graders.

The guidance counselors seemed an especially important part of the
maintenance of success at Sampson Middle School, more important than
their counterparts at any other school we visited, At the beginning of
each yea both guidance people sit down with teachers and talk about
incoming students -- what to expect from the group of incoming seventh
graders, which students have family problems, which students have special
needs, and so on. Both are veterans, former teachers who have been
working in Sampson district schools for at least a dozen years, and they
defy the popular image of guidance counselors as feckless and bored --
they obviously enjoy their work and enjoy working together; indeed, each
talked of drawing inspiration from the other. They are strong advocates
of the teachers and, whenever they can, they act as buffers and
interlocutors between parents and teachers. ("The average amount of time
we spend each day talking with Parents is greater than the average time
we spend talking with students.") Mathematics is a primary focus for
them: “We spend more time on mathematics than on other subject areas
because the students are so homogeneously grouped in the five levels, and
so are more difficuit to place.” The attention to mathematics apparently
has spread beyond course piacement, as the two counselors indicated they
seek out the mathematics people for lunchtime company. It was clear that
they are appreciated by the mathematics teachers, one 07 whom said She
doesn't hesitate to go to them for help, describing them as "very
efficient in calling parents and backing us up."
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The mathematics curriculum in Sampson Middle School is typical of most
schools in its dependence on textbooks, especially typical in its
dependence on those American standards, the Houghton-Mifflin series. The
Towest level is somewhat exceptional in that the students we observed
used worksheets in their classroom work. Another exception is the
two-week computer 1iteracy subcourses each seventh grader takes, using
the four Apples and the handful of terminals owned by the school.
Unfortunately, however, we saw very little in the way of enriching

— Lontent in the mathematics courses, even at the top level. Perhaps it is
a result of the intense focus on test-score improvement, and in that
case, understandable, but we were saddened to watch such motivated
students carefully toeing the line of textbook learning. Apparently,
however, the opportunities for enrichment are growing, as the department
chairman indicated to us in his portrayal of the improved mathematical
background of his incoming eighth-grade aigebra students. Other teachers
remarked on their increased confidence in introducing algebraic concepts
to middle level students. If the superintendent, the principal, and ."°
teachers follow through completely on their commitment to the "top-down
philosophy," they will let the spirit of the Saturday program for gifted
fifth and sixth graders filter through the five middle school levels of
mathematics. The Saturday program is now taught to 48 students by a
local resident who teaches at a nearby university and who is introducing
innovative topics on Saturdays in a "risk-free environment." The same
opportunity ought to be available to all students.

Extracurricular mathematical activity has been modest at Sampson Middle
School. About 20 students ("“the whizzes", as one teacher dezcribed them)
constitute an after-school club that does fairly well in county
competitions. But, at the time of our visit, Parente and his staff were
eyeing a more active role for the school in mathematics competitions and,
indeed, we were informed several months after our visit that a Sampson
Middle School team had made its way to the state finals in the Math
Counts competition. Principal Parente, who passed on the information to
us, was delighted with this new arena in which to strive for excellence.

Teachers and Teaching

Tough decisions, careful planning, and strict adherence to goals have
propelled Sampson's mathematics program upward. Anothe~ very important
factor has been the quality of the mathematics staff at Sampson Middle
School. About half of them are certified K-8 and the others are
certified 7-12; two have taught in high school. As one of the teachers
pointed out to us, this balance of perspective adds strength to the
department. There is another facet of the department, however, which
seemed especially important to the success of the mathematics program.
Not only did the teachers make good use of class time, reviewirg homework
and engaging students in mathematical activity from start to finisk in
each class period we observed, but they also were consistently among the
most empathic teachers we observed in our site visits. The quote:that
best capsulized the empathy for us was spoken by a third-year teacher at




Sampson, a candidate for a master's degree in computer science, who
apparently thrives on her teaching of the lower level students: "I know
what it's 1ike to be freaked by tests." We watched her, with arm around
their shoulders, cajoling these students, especially the girls, to sit
down and introduce themselves to the very basics of computer use.

Another teacher, who teaches the lTowest level of all, and who managed ir
a lesson on metric measurements to engage a group of eighth graders in a
fairly active discussion, impressed us with his respectful and supportive
> behavior with the students. He told us, "There are days driving to work
when I find the prospect of reaching this lowest lavel class pretty
gloomy, but then I picture my own children. I treat these kids as I
would want my own kids to be ireated.” In the class we observed, he was
true to his ideal, reviewing homework exercises with the ten students in
the class, moving about enthusiastically, appealinyg to a chart of
conversions on the blackboard, prodding with hints ("What's 3/10 of
100?"), all the while making it clear that he would not deviate from
minimum standards ("Stay with us, Ben."). In the last part of the class
he told them to try a set of conversions on their own. We were impressed
with the diligence all ten students showed in attempting the exercise,
again with the teacher moving about, helping, but we were even more
impressed when he asked, "How many got them all right?", and only one
girl raised her hand. No disappointment crossed his face; no disapproval
entered his voice. Their effort obviously sustained him and he showed
them respect; they, in turn, repaid him with their trust and konesty. In
other teachers' classes, we could infer the consistency of their
respectful and empathic behavior by the willingness of the students to
pipe up with comments 1ike, "That's where I made my mistake," and "I
don't know how to set up this equation.” It was clear to us, after our
visits to all the teachers' classrooms, that they have set up a
consistently risk-free environment for mathematics students at Sampson
Middle School. They make clear their expectations that the students will
try, and when they do, they are rewarded with respect and approval.

Although we were impressed with the lack of wasted class time in
mathematics and very impressed with teachers' empatky and their
respectful and supportive tone in the classroom, the teacning strategies
we observed were generally uninspired. Questioning usually consisted of
one-word answers and there was little engagement of students in
discussions about their mathematical understanding. More typical were
questions that mirrored the flow of textbook prescriptions, such as:
"Chris, why did you Jabel the car first?" . . . "Because it had the least
information." Textbook prescriptions are not harmful in thenselves, but
they can be was’ ~ful and misleading when they totally replace questions
that probe stucents' thinking. Consequently, we were left wondering how
much students really understood of what transpired in the classes we
observed, and we were left wishing that the staff at Sampson Middle
School didn't rely on tests as ruch as they do for their gauge of student
understanding. They and others in the community have asked the question,
"what is excellence?", have answered it, pursued it, and achieved it.

Now it is time for them to broaden their answer.




Summary

On the whole, a multitude of positive factors far outweighed the
drawbacks of the mathematics program at Sampson Middle School. The
superintendent has parlayed a stable and supportive community, a bright
and committed staff, and a universal willingness among school people to
engage in cooperative improvement, into a successful program in which
almost everyone can feel some ownership. It has been a solid

- Accomplishment. As one of the newspaper editorials, addressing education

" in Sampson, put it in its headline: "Tradition of Excellence Going to
Stay."

"
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DEER RUN

"Results follow perceptions. The way to improve a program is to change
people's perceptions first. Then good results will follow."
Former principal, Deer Pun High School

"Mary works very, very hard for the program. American education is
heavily subsidized by underpaid women like her."
Present principal, Deer Run High School

By standards set at many urban and suburban schools, Deer Run's high school
mathematics program might not be considered exempiary at all. Relatively few
courses are offered and, while test scores are good, they do not shine very
brightly when taken out of context. Context was important in our study,
however, along with absolute standards for excellence; we sought out programs
that far exceed expectations for success in their particular settings and with
their particular students, as well as programs that would meet anyone's
criteria for succcss.

By this standard, Deer Run was a welcome addition to our study, an exemplar of
an important yet fragile commodity in this country -- successful mathematics
programs at tiny rural high schools. Like the small farms that surround them,
these programs usually have meager financial resources, and they struggle.
With tiie spreading teacher shortages in mathematics, their struggle has become
especially acute: often, the well-being and even survival of a program
revolves around one person. Should that person leave the program or become
i11, the students must do without all but the most basic of mathematics
courses until a substitute can be found, someone who has the appropriate
background and is willing to work in a small town for light pay.

Deer Run has shown that one way -- perhaps the only way -- out of mediocrity
for such programs is a combination of enlightened leadership and dedicated
teaching that, together, squeeze the most out of available resources. The
leadership found a mechanism -- team competitions -- to convince the school
and even the Deer Run community that there was more potential for success in
mathematics than they believed, and the teaching took a bit of newfound
success and worked it into an expected pattern. Now test scores and course
enroliments are up, spurred upward by the general enthusiasm for mathematics
competitions. The drive to overcome madiocrity in Deer Run's mathematics
program is by no means complete. There were rough spots -- for example, some
of the teaching behavior we observed -- that cut down on the program's glitter
for us. Even so, all of the problems we noted are surmountable, if conditions
continue to invite the staff to experiment with improvements. Those
conditions are anything but assured. The fragility that haunts much of rural
education continues to hover over their established pattern of success and
makes Deer Run's struggle to sustain their success an especially heroic
American educational story.




background

Deer Kun is a smill Midwestern town of 1,100 people, cset in the middle of corn
-and soybean fields. No building in the town exceeds three stories except for
the grain elevator and that, in classic fashion, looms for miles from its
perch next to the railroad tracks. The houses along the main street, all
freshly painted white in c2lebration of the town's 150th anniversery, add to
the town's special, simple appeal.

Mr. Atkinson, the high school principal, described Deer Run as filled with "a
strong Protestant ethic and Dutch blue-eyed conservative families." It is a
stable community, as well -- 75 percent of last year's high school graduating
class were schooled in Deer Run since kindergarten. Most of the high school's
18 teachers are also from the immediate area. Familiarity and roots are about
the only attractions that can offset the town's low teacher salaries.

Though Deer Run is small, its school district covers a 62.5 square mile area.
The high school contains 190 students in grades 9 through 12, most of wihom
live on farms in the area. The demands of farm 1ife, coupled with the
distances traveled to and from school, understandably cut into students'
attachments to school. In addition, the common practice of passing farms from
parents to children has traditionally cut into school ties even more,
especially as those ties w:re linked to postsecondary education. But lately
there has been a turnaround in Deer Run. When Sam Walker, Deer Run's former
high school principal and superintendent (and now superintendent in a larger,
neighboring town), took over the high school 9 years ago, only 4 of 45
graduating seniors were going to college. In 1982-83, 18 of 39 chose to
continue their education beyond high scheol.

In a community like Deer Run, which has few college graduates besides its
teachers, such a change is revolutionavy. In part, as a November 1984 series
in the Wall Street Journal made clear, the change can be explained by the ~
social fabric changes in farm communities in the past decade. Farming remains
a viable life for fewer and fewer young people, and they are obliged to look
to other careers. Even so, an hour's conversation with Sam Walker is enough
to convince a visitor that social forces alone have not made the difference in
Deer Run. His pursuit of change has been vigorous and intense, and the
pursuit has touched mathematics more than any other subject.

The mathematics department has 1.5 teachers: the fulltime person, Mary
Vandenburg, teaches general math, algebra I, algebra II, precalculus, and a
double session of computer science (BASIC); the half-time teacher teaches
business math, algebra I, and geometry; a course in Fortran is taught by one
of the s ience teachers. Two aspects of the mathematics program made it
partic.iarly attractive for a site visit. First of all, nearly 80 percent of
the students were enrolled in at least one mathematics course. Second, in
state an:d local competitions, the school has fared well, despite the fact
that, as Principal Atkinson told us, "In every math, computer, or biology
tournament we enter, we're the smallest school." Like the increase in
college-bound students, these two changas have been relatively recent.
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Mathematics competitions have become Deer Run's ! ver to success primarily
because of Walker's zeal and Vanderburg's hard work, but another factor has
also helped. The state mathematics teachers' association is one of the most
active in the country in organizing competitions on all levels -- local,
regional, and statewide -- and they do a remarkable job of publicizirg and
generating enthusiasm for them, “They get the maximum out of what has to be a
meager budget," Walker said. "But it works. People are generally aware cf
the competitions. Around this area, if you win math competitions, they think
you have an excelient program."

Leadership

Walker mused about the value of perceptions as he sat with us in his office in
a nearby town, where he had recently begun as superintendent of schoois. It
is a larger town ihan Deer Run, with a more diverse population, a wider range
of interests, and more complex problems, yet he is already priming his high
school's mathematics team to win. With a mixture of pride and disappointment,
born of his old and new ties, he reported that the team had just placed second
to Deer Run in a county competition.

He is confident, however, that history will repeat itsz!f, that once again his
intuition is correct: if visible improvements occur (in this case, a steady
climb in competitions), then he, as leader, can change the school's and
community's perceptions of their mathematics program. At that point, he will
be able to spring from their changed perceptions into demands for more
improvements. “I am more sure than ever,” he told us. “Results follow
percestions."

On the scale that Walker experiments with his "Resultc Fcllow Perceptions”
notion, only small towns wouid seem to qualify as laboratories. Larger
settings carry too many variadbles, too many people to allow his ki of
frontal assault. But we did see the phenomenon at larger schocls, expressed
however, in more subtle forms: mathematics stafrs that make themseives more
visiblz in their schools and communities than other departments by their
extraordinary avcilability to students, by their exceptional efforts to work
with feeder schools to unify programs, as well as by their well-puolicized
successes in competitions. In various settings, principals and
superintendents told us such things as: “They're our stalwarts." "They're my
hardest working department." "I try to give them what they ask for. They
earn every bit of it." For their parts, the exemplary mathematics programs do
ask more, and also demand more of themselves. It is not their nature to rest
on laurels, and it is generally not in the nature of their leaders to let them
rest on laurels. Walker was principal and superintendent, not department
head, but his leadership toward visibility and affecting perceptions has its
mani festations in other exemplary programs, usually, in high schools, through
department heads.

The program at Deer Run apparently lacked any Tustre until seven yéars ago,
when Walker had an idea and took some initiative on it. His idea was as




simple as it was forceful: first, he would guide the program to some gains;
then he would turn the community's favorable impressions of the gains into
fodder for further gains. The particular route he chose was through
mathematics competitions, because it was relatively inexpensive and because it
lent itself to visibility quite readily.

At the beginning, he worked with a teacher at a local Jjunior college to locate

- -as many collections of mathematics contest problems as they could lay their

hands on. He then engaged Mary Vandenburg, the fulltime mathematics teache:
then relatively new in the school and new to teaching, to work on developing a
math team by using the contest problems in her courses. They expected a
modest, if not humbling, beginning to their contest results. But Walker told-
Ms. Vandenburg to aim to move up one place per year, on the average, in local
and state competitions. After a few years, when that had begun to happen, he
went to the school board, improved results in hand, and persuaded them to
raise the mathematics requirement at Deer Run High School to two years. In
the meantime, he acted, in his own words, "like an athletic coach." He and
Yandenburg identified 10 or 15 talented students in each grade of the high
school and began to groom them for the team, even in some cases, asking
athletic coaches to release students early for mathematics competitions.

In 1983-84, 33 of the 190 students were involved in mathematics competitions.
In previous years, the number has been as large as 50. Enthusiasm for the
competitions is so keen that students who aren't even enrolled in a math
course come to Ms. VYandenburg to ask if they can be on the team. The new
principal, Mr. Atkinson, a former engineer and mathematics teacher, has been
bitten by the contest bug and so continues to support the school's involvement
in mathematics competitions. (As we arrived the first day of our visit, he
was in the hallway posting the results of the most recent contest, in which
Deer Run nosed Walker's team for first place.)

With Sam Walker gone, and Ms. Vandenburg comfortably settled into the
mathematics program after eight years, Atkinson's role in the continued
success of the program is somewhat secondary, but his enthusiam and support
are important. And he too is getting ambitious. "Pretty regularly, we have a
small handful of students who can handle all the mathematics we throw at

them. We need something to offer them. I've asked Mary to look into the
Elements of Mathematics program for them." This program, called EM for short
in the mathematics education community, is a program that has been adopted for
use with gifted students in St. Louis County in Missouri, and elsewhere. To
us, it secmed a surprisingly ambitious choice, but it fit nonetheless into the
fervor for mathematics that has bitten the Deer Run community.

One other ncte on Atkinson: his wife and home are fifty miles from Deer Run
in the suburbs of the nearest major city, where his wife is a school
administrator. He rents an apartment near Deer Run during the school week and
returns home for weekends. "I left engineering for education in middle age
and got involved in a doctoral dissertation on school climate and school
improvements. When the job opened in Deer Run, I took it because of the real
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school improvement that has been going on here." Obviously his interest in
the program is no longer clinical, and his chosen 1ife in education, with its
hardships and sacrifice, makes a heartwarming story, one that fits nicely into
the broader Deer Run picture that unfolded for us.

The school community and, indeed, the entire Deer Run community, now share in
the pride and support of the program. The school librarian, a former
mathematics major in college, makes herself available to students for math
tutoring in the library. The woman who until last year was the school
guidance counselor had a reputation for careful attention to placing students
in mathematics. She occasionally used the results from the Differential
Aptitude Test to have selected students reverse the usual order and take
algebra II before geometry, if they seemed from their test results to be
unprepared for geometrical thinking. .She also established a reputation for
encouraging girls in the middle school and the high school to think beyond
nursing and school-teaching as possible careers. (A parent: "My daughter
used to think about nursing. Conversations with Jean directed her toward
engineering. Now she wants to be an engineer.")

The middle school now has its own math team. Through its carefully designed
set of objectives for its mathematics curriculum (really an unofficial mastery
learning program) and through its sharing of a teacher on a half-time basis
with the high school, the middle school has established some continuity with
the high school program. :

The town is well aware of the math team. When Mary Vandenburg wanted to send
an especially talented student to a competition in the East last year, she
garnered some financial support from the Lioness Club in Deer Run, additional
support from a town merchant, and the rest from school funds. The student was
able to go to the competition. (By all accounts, it appears he was an
exceptional student and a source of local pride. He is now at MIT, and three
or four of the school's teachers avidly shared anecdotes about his experiences
at MIT with us over iunch.)

One further anecdote caps the story of the math team in this tiny community.
The district's new superintendent told us how, on the evening of the most
recent competition, he was roused from supper by automobile horn-blaring and
| the ringing of his doorbell. "I really didn't know what was going on. When I
| opened the front door, there were Mary and the team waving and flashing their
first-place ribbon."

Curriculum and Implementation

Not surprisingly, competitions are on Mary Vandenburg's mind as she manages
the Deer Run mathematics curriculum and implements it from day to day. (The
curriculum is really her responsibility alone -- the half-time teacher from
the middle school has little to say about the curriculum.) They are on her
mind as she begins teaching algebra I each September: "I look for candidates
in that group and I start recruiting." They are also on her mind as she makes
herself available to students “"before school, after school, during lunch,
during breaks, and during my planning periods."




During these times, when she is not providing remedial and general help, she
is working with her team members. Occasionally -- as, for example, during our
visit -- she will have team members give presentations during class on their
contest work. Contest activities are not restricted to the math team.
Approximately 80 students a year (more than a third of the school) take the
American High School Mathematics Examination (AHSME) of the Mathematics

- -Association of America. A small group are involved in the contests in
mathematics and science called Test of Engineering Aptitude in Math and
Science (TEAMS). Last year Dear Run won their district and regional
competitions, and then placed fourth at the state level. Typically, they were
the smallest school represented at the state level.

The value of mathematics competitions to a school's program -- especially when
they are as pervasive as at Deer Run -- is open to debate. One department
head we visited in our study told us that he avoided them "because they mainly
teach tricks" and are not conducive to a thoughtful approach to mathematics.

Other department heads we visited allow competitions to play but a minimal
role in their programs. And, of course, there are the schools we described in
case studies like East High School and Trinity High School, where contest
victories are considered a valuable measure of success. Their value to Deer
Run in this regard is clear, but we happened across what seems another good
reason for their prominence in the school when we interviewed Glenn, a senior
year student in precalculus: "I like being involved in the competitions
because, in preparing for them, you learn things like inverting matrices that
you wouldn't ordinarily learn in class." It is difficult to gauge how many
such topics enter the curriculum through competitions, but the pace of
precalculus seemed siower at Deer Run than at other programs we visited, so
it is believable that Glenn was on target.

The pace of the curriculum was one factor that set Deer Run apart from the
vast majority of the exemplary programs we visited. Another was the use of
homework. In some of the Deer Run courses, students are permitted to do their
homework in class, and teachers make themselves available for help. While
this runs counter to the practices in the other programs we visited, and so is
of questionable value, the practice was singled out by a couple of students
from farms as valuable to their learning, because "it's hard if you get stuck
at home on an assignment."

Given its small size, the mathematics program at Deer Run presents no
complicated student placement challenges, and yet Mr. Atkinson was strong in
his praise of the guidance counselor who had left at the end of the previous
year, and equally strong in his disappointment in the performance of her
successor. Apparently the former counselor had been a stiong influence on the
students, especially the girls; her departure, seen in the light of the recent
turnovers in superintendent and high school principal, made the mathematics
program seem a bit more vulnerable to us. :




Because she teaches most of the courses, and because she is keen to meet all
students' needs, Ms. Vandenburg risks overextending herself. On the one end
of the curriculum, she has seen the need to introduce calculus to the several
students who exhaust the course offerings by senior year; she was planning to
incorporate it as a semester course, combined with a semester of number
theory. On the other end, she has decided to introduce a prealgebra course
for those ninth-graders who are not fully prepared for algebra, but who need
- -something more challenging than general mathematics. While he was in charge,
Sam Walker refused to allow her to teach prealgebra because of the time taken
from planning. The new principal and superintendent have given their
tessings, however, and Vandenburg was eager to get the course up and running.

Teachers and Teaching

After the careful planning of Sam Walker, Mary Vandenburg's dedication and
hard work constitute the second major factor behind the progress of the
mathematics program. She is the mother of two small children, with all the
concomitant responsibilities and constraints that come from leading a double
life. For example, our first morning in her class was interrupted by a call
from her nursery school, whose staff had temporarily misplaced her younger
child. Vandenburg seemed slightly envious that other math team coaches whom
she knows are able to use after-school time to prepare their students for
competitions. She cannot, because of her family responsibilities and because
the majority of her students are dispersed at the end of the school day across
the wide expanse of the school district, many to farm chores that will not
wait. In any case, this dedicated teacher finds the time, during class,
during lunch, during homerooms and preparation periods, to prepare students
for the contests.

During her eight years at Deer Run, Vandenburg has been the only full-time
methematics teacher and, although she lunches once a week with the part-time
teacher =0 that they might coordinate their algebre teaching, she really is a
department unto hersel<. In so many of the programs we visited, continued
success appears to be tied to the collegiality of staff and the strength they
draw from each other. In that light, the professional loneliness of Mary
Vandenburg seems all the more poignant, and her sustained enthusiasm and
commitment all the more laudatory.

Her dedication, and the dedication of many of her rural teacher colieagues,
has a special quality to it because of the relatively limited opportunities
for young people growing up in an isolated community the size of Deer Run.
There is a strong commitment on the part of these teacners to expose their
students to as much as possible of what is new and difierent and to push them
to open their eyes to it. Thus, the special appeal of regional and state
competitions as vehicles for program improvement and Mary Vandenburg's
commitment to involve as many students as possible in them: "“When freshmen
come into our school they want to be part of that winning team. I have had
students who are not taking math in their senior year ask if they could still
go to math contests. I try to encourage all of them." Glenn, the senior
quoted earlier, put it in a slightly homier way: "If the dumbest person came
:g tg Ms. Vandenburg and asked to be on the math team, she'd find a place for
im.
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Money is an issue remarkably removed from the issue of teacher dedication in
Deer Run (and, it is reasonable to assume, in communities like it). It is a
sad corollary to the perpetual dearth of money for education. Generally in
this school and community, there is a sense of pride in making it on very
little. In the metropolis 50 miles away, a newspaper article appeared on the
Deer Run schools under the headline "Excellence for Peanuts."

In any case, money has little bearing on Mary Vandenburg's dedication to the
mathematics program. When we asked whether the master's degree she hopes to
earn would increase her salary significantly, she looked surprised, even a bit
annoyed by the question: "I don't know. That's not why I'd get it. I don't
care what they pay me. I'd get it to help me teach better."

Money could definitely help the Deer Run High School mathematics program,
however. There are spots where it evidently suffers from the district's
skimpy financial resources -- for example, in training for broader teaching
skills. We observed five classes and were struck by several aspects of
theclassroom interactions. For one, we were struck by the occasional
impatience expressed -- by both mathematics teachers -- in the lower-level
courses 1ike general mathematics. Furthermore, the part-time teacher was
often sarcastic in addressing her students, a behavior notably absent in the
vast majority of classrooms visited in our study.

A second disappointment was the lack of much development of student questions
into further learning for the students. Ms. Vandenburg took the time to
answer questions, but several of the answers we witnessed seemed to leave the
questioners hanging. For example, as she drew a circle on the blackboard in
her precalculus course, with radian and degree measures listed for angles, a
student asked, "Is that a function?" The answer: "Sine and cosine are
functions, but we haven't covered them yet." Then she went on with what she
had begun. This was not only a confusing answer which did not satisfy the
student, but it was a missed opportunity to spring from the question to a
discussion of functions and trigonometric functions, in particular, and to get
the students to voice their understaridings and misunderstandings about the
conceyts. Later in the class, the same student came back with another
question, during a discussion of odd and even functions: "Are parabolas and
hyperbolas even functions?" The quick and unsatisfying answer from Ms.
Vandenburg was, "Hyperbolas are not functions." Again, a missed opportunity
to probe the students' thinking and to get them involved in a meaty discussion.

Mary Vandenburg's deep dedication to her students makes it clear that the
missed opportunities and occasional careless behavior (such as inappropriate
expressions of impatience) do not derive from a lack of concern. Rather, they
derive from her professional loneliness as a department unto herself, and from
the financial inability of the school district to provide much professional
development. As it is, the principal stretches the budget to send her to
state mathematics teacher meetings and to the competitions.
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Isolation and a lack of funds are also hampering Deer Run's attempts to expand
its curriculum wisely. The grant proposal Mr. Wilkinson has written to fund
the purchase of the Elements of Mathematics materials for the high school's
talented students, however nobly motivated, may be shortsighted. The
materials are very sophisticated mathematically, and the program at Deer Run
is not. Again, the geographic and financial isolation of the program has

- -1imited its options for finding appropriate curricular changes.

Conclusion

Sam Walker told us, from his new vantage point as another district's
superintendent, "Deer Run High School has done more with what they have than
any other school in the state." A biased and subjective assessment, no doubt,
but it does reflect the truth about the school's valiant and fragile efforts
in mathematics.

In studying exemplary programs, our researchers have travelled from inner city
schools to suburban schools to rural schools. Each type has its own set of
special challenges, and each has designed its own set of responses. In Deer
Run's case, the challenges were a low budget and a traditional set of values
that kept educational success on a rather low plane. Their response, through
forceful and imaginative leadership and dedicated teaching, was to use a
steady improvement in mathematics competitions as both a motivator for
students and citizens, and their standard for setting the tone of the entire
mathematics program.

Success in mathematics continues to develop at Deer Run High School, yet it
also continues to be a fragile sort of success. Funds are and always will be
low; administrative turnover has been high, and the program relies on the deep
dedication of one woman. Indeed, it is reasonable to say that, when compared
with the other 27 programs we visited, Deer Run will have the hardest time
sustaining its recent record of excellence.




TRINITY HIGH SCHOOL

"Trinity is a hypercritical community."
Principal, Triaity High School

"To those of you sending students to Trinity High School for the
first time, you need to know that Trinity High School teachers are
demanding in many ways, and your student may have to study harder to
achieve worthwhile grades compared to the previous school."
From a letter sent to parents from the Trinity mathematics
department.

Trinity was one of our diamonds in the rough, one of the schools we
visited that exceeded the expectations set by their written
applications. Certainly, Trinity was highly rated by our panel of
program raters, but not as highly rated as some others we chose not to
visit. We chose Trinity to enrich the variety in our study: it is a West
Coast high shool and so, geographically, it was different from most of
our other candidate programs; furthermore, unlike most of our other
candidates, Trinity submitted evidence that they paid careful attention
to enriching general mathematics and to guiding general mathematics
students into algebra. In addition, the school boasted a high SAT
average (consistently about 100 points higher in mathematics than in the
verbal exam) and a relatively high level of extracurricular activity in
mathematics.

Trinity turned out to be impressive in several ways. The sense of
appreciation for and excitement about mathematics -- and problem-solving,
in particular -- which the staff have generated among all levels of
Trinity students, far exceeded what we expected. The teachers used some
of the more innovative in class challenges and questions witnessed in our
study, and they have several mechanisms in place which enrich the program
from top to bottom -- a math team which involves students at all levels;
several supplementary programs which not only provide content help, but
also stress attitude and process; and a continuous, out-of-class
problem-solving program which involves the majority of the students.
Mathematics is a lively and influential enterprise at Trinity High
School, and students pay attention to it outside the classroom.

At the same time, however, there is something almost paradoxical about
Trinity's Mathematics program, fur it proved to be complex as well as
exciting to study, a continuous challenge to the 1istening and
observational skills of the two site visitors who spent three days

there. Personalities, politics, and philosophies are so enmeshed in this
"hypercritical community," to use the principal's phrase, that it was
impossible to 1ook at any of the strong aspects of the mathematics
program without hearing undercurrents of doubt and, occasionally,
complaints and criticism. On the other hand, the energy level displayed
among staff and students, the atmosphere of intense self-examination, the
willingness to risk and challenge, all constitute an intriguing
counterforce to the doubt and criticism.
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Background

Trinity is a small suburb of one of the West Coast's largest cities, a
middle class town about a mile square with a mixture of what one
administrator described as "working class and a growing number of
university types," and a town in which almost all the housing is composed
of single-family dwellings. There are three elementary schools, one
middle school, and one regular high school (Trinity High School), and one
small alternative high school in the district. Trinity High School,
which comprises grades 9-12, contains 760 students and reflects the
ethnic mix of the entire district: 40 percent minority, consisting of 15
percent Asian, 15 percent black, and 10 percent Hispanic.

The community appears to pay close attention to education. A casual
survey of impressions of the mathematics program depicted a group of
teachers who are firm, demanding, and hard-working.:

e The Superintendent of Trinity Schools: "More demands are made on
mathematics students at Trinity than by other departments."

o The Assistant Superintendent: "The mathematics department held the
students more consistently to high standards during the 60s and 70s
than did other departments."

e A second-year- teacher, who has taught in several other high schools
in towns around Trinity: "In every school I've been in, the
mathematics staff have taken far fewer absences than other
departments. That holds true at Trinity."

e A senior student: "The math department is really organized. They
meet in the beginning of the year and divide up responsibilities --
who will be in charge of math league activities, Tunchtime contests,
and so on."

What some in the community see as firmness and high standards, however,
others see as shortsighted rigidity. Even the administrators, despite
their words, seemed muted in their praise of the mathematics program
because they quickly followed their praise by mentioning the criticism in
the community that the program is weighted in its attention toward the
upper and lower courses, thus leaving middle-lavel students with
jnsufficient guidance. The superintendent and assistant superintendent
spoke with us more with an aspect of curiosity than pride when they
related how Trinity SAT scores in mathematics are consistently about 100
points higher than the verbal scores, and what pride they have been able
to foster in the community seemed to them offset by their and th.
community's frustration over the early disappearance of minority students
from the top sequence of courses. (Last year, blacks represented fewer
than 5% of the students in algebra II and precalculus.;
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As with all the sites we. visited in the study, we sought out general
perceptions in the community of the mathematics program at Trinity High
School. What we heard was extraordinary, both in its intensity and,
especially, in its variety. The intensity signalled a ccmmunity

commi tted to educational concern and examination, but the variety of
conflicting views of the mathematics program signalled a process of
examination carried out with insufficient care, where criticism has given
way to blame much too quickly, often on too little evidence. One
example, which concerns the entire school and not just the mathematics
program, is the issue of students who don‘t live in the district.

Because of its reputation for success in education, Trinity High School
attracts students, mostly black, from outside the d1str1ct. There are
about 150 on record and, the principa1 advised us, probably another 150
who have managed to pose as Trinity residents. Somehow -- no one seemed
sure of the origins -- the impression grew in the community that these
students were a disruptive influence. The school board responded by
approving a small study of the effects of outside students' presence in
the program and the results, the principal proudly reported to us,
pointed to the "safe and st1mu1at1ng environment”" fostered by the
presence and participation of the students from outside the district.

There are pockets of dissatisfaction and distrust in the school
community, as well. The mathematics teachers at the high school don't
fully trust the middle school to teach algebra, now that eighth-grade
algebra has become a reality in the district. (The department head:
"The students who take eighth-grade algebra don't understand enough of
the 'whys' of algebra to dc itel11 in our algebra II.")

From their side, the Middle School teachers are equally dissatisfied with
a relationship they see as lopsided and laced with prejudgment. "Their
way is always better . . . they find fault with us." It is their
perception that no credit is given to the Middle School for the
mathematics preparation they provide, that after what they see as careful
placement of eighth-graders in ninth-grade mathematics programs, the only
report the Middle School gets is a printout of each student's high school
grades, a meaningless gesture to them. Furthermore, they chafe at having
received no credit for the concept of the general mathemat1cs progranm
when it was implemented with acclaim several years ago. The high school
mathematics teachers also have a rather cool alliance with the school
guidance counselors. (The department head: "They c00perate with us on
student placement, but generally they think we're arrogan..

Finally, the mathematics teachers feel a lack of support from the central
administration and the community. The department head told us that all
of the academic course enrollments are over the maximum allowed by
contract -- 30 students -- yet financial support to alleviate the
situation is missing. A state proposition has severely limited tax mecney
available to schools; the community has failed to pass several bond
jssues which would have made more money available for hiring staff;
finally, 2 proposal to a focal corpcration for money to support the
search for and hiring of a minority mathematics teacher has been
languishing at the corporation's end.




Even the students at Trinity High School seemed to inject an air of
distrust into their academic lives. Their whispers and glances showed
how suspicious they were of us during our classroom visits, and staff
members described their surprising wariness about enrolling in untried
courses 1ike the PASCAL computer course and courses taught by untried
teachers. As one teacher remarked to us, "Kids at Trinity shop for
courses on the basis of hearsay." Distrust is always a better base to
build on than indifference, however, and when we passed the litmus test
for these students, we found them in interviews to be among the most
energetic, enthusiastic, and humorous group of students we encountered.

A similar bright side exists for the entire mathematics program, for
while there are important avenues of support that have been closed off,
several exciting avenues have been developed. For one, the local
newspaper reportedly gives ample coverage to the school's successful
mathematics teams; for another, an exciting and innovative supplementary
program -- described below -- has been developed in conjunction with the
nearby state university, a program which gives minority students a better
chance to succeed.

Curriculum and Implementation

The academic track at Trinity High School includes algebra I, geometry,
algebra II, and precalculus. Because the district muintains a minimum
cutoff of 15 students per course, calculus is not taught at Trinity;
students eligible for calculus may take it either at the high school in
the town next to Trinity or at the nearby state university.

As small as it is, Trinity has no honors program as such, but the
academic track is very demanding. Students not 1ikely to succeed in it
may enroll in the sequence of ccurses that includes general mathematics,
algebra IA and IB (algebra I spread over 2 years), and applied geometry.
The school also offers a SAT math course for students who might not
succeed in algebra Il but who intend to take the SAT exam.

Several years ago the staff desigried a general mathematics curriculum, of
which they are clearly and understandably proud. In the words of the
district's Director of Special Services, who composed the application to
be in our study, the course begins with a one-month focus on basic
skills, and then:

"From the end of that time until June, the students see a variety of
practical problems with a prealgebra orientation:
area/perimeter/volume, percent/interest/sales tax, measurement of
lengths and angles, consumer problems, equations. A cycling approach
is used where new techniques are introduced periodically, used for a
few days, then left for some time. They are seen again later in
other types of problems.

"Teachers have prepared a curriculum of 180 work sheets, one for each

day of the year. Students receive a new sheet every day. A test is
given every Friday."
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The general mathematics program is given an added boost through the use
of student tutors, who are either paid (through a state-financed School
Improvement Program) or are given course credit for their tutoring. The
philosophy that guided the staff in the development of their general
_mathematics curriculum was summed up by the department nead as, "Give the
students enough to succeed in algebra IA." There has been a stiong

commi tment, expressed in a tremendous amount of time and effort devoted
by the teachers, not to have general mathematics be the terminal course
it so often is in other schools.

At the time we visited, the department's core which comprises five
teachers, had begun to express both concern and resentment about the
general mathematics program, which they believe has been taken away from
their control. In the past few years, as the district moved to a two
mathematics course minimum requirement, the academic courses have swollen
in enroliments, and the general mathematics program has grown from one
section to four sections in the past ten years. No money has been made
available to hire more mathematics teachers and the academic course
duties of the core teachers have grown, so general mathematics has been
turned over to a new combined science-mathematics teacher and two
vocational education teachers. They are using the curriculum deve!oped
by the Trinity veterans, but those same veterans fear that the philosophy
upon which they based their development is endangered. That fear gained
stature for us in the rather stark admission of one of the new general
mathematics/vocational education teachers to one of us after a class
visit: "I don't know what I'm doing in there."

Peter Robbins, the 15-year veteran of the department, is in charge of a
supplementary program (we'll call it the Development Program), arranged
with the state university, an after-school program of tutoring and
small-group work, set up primarily to support the mathematical growth of
minority students. He supervises 4 graduate students and university
seniors who work with 65 Trinity students in the Development Program. We
observed one very impressive session in which the graduate
student/weacher worked with a group of 16 on questions pertaining to an
upcoming geometry test, had them break up and work in pairs on some
probiems, and throughout the session, worked in some appropriate
coaching. In a reaction to a side conversation of several students, "You
can't expect to do well on the test if you continue to act that way."
“Let's Took at the types of question you can expect to see on the test,
and discuss what's difficult about them." “What can you say about the
third sides of 2 triangles if 2 sets of corresponding sides are equal?”

The effectiveness of the student teacher was one of the heartening
aspects of the session we observad; it was clear that Robbins was an
effective mentor for this university mathematics student, and when we
watched her interact with the students so effectively, we began to see
this program as a potential model for attracting content-area specialists
into mathematics and science teaching. Another heartening aspect of the
program was partly accidental, namely the variety in the student group
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that was working so energetically after school: there were four whites,
four Hispanics, four hlacks, and four Asians in the group, and it was
tempting to see that afternoon session as only possible in America, as
some modest, though still inspiring, fruit cf several decades of
concentrated effort.

Articulation with the middle school is, as we mentioned above, a sore
point with the mathematics staff. Nancy Bernstein, the departuent head,
also spoke of her desire to have some effect on the mathematics taught at
the elementary level, especiaily in making more variety in
problem-solving available to students, yet spoke also of her frustration
at not having the time to do it. (Uernstein, by the way, receives only
$250 extra in compensation, with no time freed from teaching for
administrative duties.) She and her staff do meet once a year with the
middle school mathematics people, but they have had little satisfaction
in their attempts to change the quality of the algebraic understanding of
eighth-graders.

Curriculum development and textbook use in the Trinity mathematics
department mirror the development of the general mathematics program, in
that the teachers use home grcwn ditto sheets (their "ditto-a-day"
concept described in a later section), and, when they use texts, they are
very flexible. For example, Bernstein uses the Houghton-Mifflin Dolciani
algebra I1 text, yet covers the matrices section first. Another teacher
uses one series for class development, another for homework exercises.

Leadership

Several circumstances combine to give leadership a special flavor at
Trinity High School and in the mathematics department, in particular.
Those in positions from which leadership usually emanates have little
established fuothold: the superintendent is in his first year; the
principal is in his sacond year; and the department head returned last
year after a five-year break to raise a family. In contrast, the vast
majority of Trinity teachers have taught only at Trinity High Schcol and
have taught there for a long time. They are also one of the most
energetic and feisty groups of individuals we met in our school visits,
and they evidently provide for themselves much that established leaders
elsewhere provide their staffs: ongoing professional interactions, the
sharing of materials and responsibilities, and that tenor of
self-examination and criticism we have already discussed. (Of course,
there is a grey side to the feistiness, the occasional propensity to
complain in isolation to which we alluded earlier).

Despite the self-sufficiency that sustains the staff in their teaching
and professional interactions, both the principal and department head do
provide some vital aspects of leadership. The principal uses a mechanism
that was as refreshing to watch as it promises to be cohesive for the
staff and conducive to staff communication. Every morning, at a time
when the entire school takes a break from classes, he meets with all the




teachers in their lounge. Serious announcements, humorous repartee, the
sharing of home cooking, and slightly abrasive questioning all fi1l1 the
twenty-minute get-together and, despite the occasional grumbling we heard
from teachers, the meeting can serve to draw the staff together in
purpose. An example that occurred during our visit shows how the
mechanism facilitates staff communication during a crisis: the principal
announced that a student had been seen with a gun the previous day and,
immediately, the teachers pulled together to describe the student and her
daily schedule and habits, and, in a few minutes, had designed a plan by
which they could detain her, should she show up, 1ong enough to get the
assistant principal to her.

Bernstein, the department head, also leads in clearly defined ways. In
particular, at the time we were visiting, she had measured the severity
of her own and her teachers' complaints, had collected them in a memo,
and was preparing to bring it to the central administration and school
board. The 1ist included dissatisfaction about a recent hiring of a
mathematics teacher, a continuing sense of estrangement from the
elementary and middle school programs, and a lack of financial support
that had, in the eyes of the teachers, diluted the effectiveness of the
general mathematics program they had so carefully built, by making it
necessary to pass it on to teachers from outside the department with
Tittle attachment to and ownership of the program.

In one other aspect Bernstein resembled the best of the leaders we
observed in the study: she works very hard and very 1ong. As in some of
the other programs we visited, the hard work is a mixed blessing in that
it often approaches overwork and makes "burnout" a very real

possibility. She told us she starts her day at 5:00 a.m. and goes to bed
at midnight. In between, there are family matters and child care, but
most of the time is devoted to the Trinity mathematics program. Weekends
also, at least in part, are devoted to the program. Other teachers match
the effort. As one veteran of 15 years at Trinity told us very
matter-of-factly: "Sometimes Nancy (the department head) calls me at
11:00 at night and we plan for the next few weeks of algebra.” The
mutual respect on the staff and the teachers' obvious concern for Ms.
Bernstein's treading near burnout were very moving to hear about and
observe.

Teachers and Teaching

Although eight people teach mathematics at Trinity High School, only
Nancy Bernstein is a full-time mathematics teacher. Another woman, in
her second year, teaches only mathematics and computers but does it on
four-fifths time. The other three core mathematics teachers, who have
taught mathematics at Trinity for more than ten years, also teach
science. The remaining three teachers double as either science or
vocational education teachers.
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The development of the general mathematics course typifies two qualities
of the mathematics teachers at Trinity that seem essential to the
strength of the entire program: the willingness to work very hard for
their ideals, no matter the cost in time, and their resourcefulness in
making that work count. In other words, despite the occasional
complaining, the teachers find ways to get done what they feel must get
done.

Much of the time is spent by teachers implementing what they refer to as
their "ditto-a-day" approach to courses. Among the five teachers at the
tore of the department, we sensed a general dislike for straight texthook
approaches to teaching. In particular, they don't 1ike the sequencing of
many topics and they especially do not 1ike the lack of variety in
problems. Consequently, they produce daily ditto sheets of mixtures of
problems for homework. If two people happen to be teaching the same
course, say algebra, they split the duties, two weeks of dittoing by one
person, then two weeks of dittoing by the other. In the case of the
precalculus teacher, in her second year at Trinity, the responsibility is
hers alone. She uses the Harcourt Advanced Mathematics text for
explication but 1ikes the Houghton-Mittlin text better for problems, and
so she hands out daily sheets of mixed problems, review as well as
current.

This same woman showed her resourcefulness in other ways. It was she who
arranged the calculus option for Trinity students at the neighboring high
school. She also tzaches the AP PASCAL computer course from her own
notes, and when only a handful of students enrolled, she scoured the
hallways, library, and cafeteria and enlisted students until the minimum
of 15 was met. (As we havz notad, Trinity students are notoriously
suspicious and wary of new courses and new teachers.)

The dedication and resourcefulness of Trinity math teachers are evident
in one other established practice, the Friday problem sheets, collections
of challenging problems traditionally handed out by teachers in all of
the academic courses. Teachers varied in the amount of credit they
attached to solutions and the amount of time they gave students to
complete the sheets. (A week was the minimum). At the very least,
however, teachers give credit for attempts at solution, and they do not
penalize for unsuccessful attempts. Before the due dates for the Friday
sheets, teachers and students may discuss difficult problems in class,
with, as we observed in one class, the teacher giving suggestions for new
attempts to solve the more difficult problems. The effect on many
students is galvanizing. Two seniors told us they estimated that at
Teast half of the students in algebra II and precalculus have a go at the
problems, and that it is not uncommon to hear them discussed in the
student cafeteria. They also claimed that regular attention to the
Friday problem sheets facilitates a smooth flow through the curriculum,
that it is easier for students to see connections among concepts. As an
example, they recalled a teacher who reinterpreted several geometry
problems from the Friday sheets algebraically, thus giving the students a
previously unseen bridge to the mathematics of another course.




At some of the exemplary programs we visited, we observed teachers who

attempted to teach students how to learn mathematics as well as merely
teaching students mathematics. We saw examples of this kind of teaching
at Trinity., Just as the mathematics teachers refused to be limited in
content and sequence by course textbooks, so they also refused to be
1imited in their classroom strategies by the canonical model of teacher
talking at students. They often coached, cajoled, guided, and chided.
Here are three examples:

o Peter Robbins, the Development Program coordinator, gave a problem in
his algebra I class and had the students work on the problems in

- - small groups. ("Don't offer your answer until you get three people
in your group to agree on the answer.") The ensuing discussion was
1ively and fruitful. (The teacher to us, later: "I couldn't have
done that before the Development Program. It showed me what a useful
and powerful tool student peer interactions can be.") Later in the
same class: "There is a special re1at1onsh1p between the slopes of
perpend1cu1ar lines, and the book doesn't say it explicitly. What is
it? Don' t shout out your answer until you check it out with someone
near you."

o In her algebra II class, Nancy Bernstein asked for an explanation
about the convergence of a particular series. When the original
student's explanation drew blank expressions from the rest of the
class, the explanation was bandied about and refined until it was
more understandable., To the first student: "I know that your
explanation was correct, but you didn't say it so others could
understand it." This was only one of several examples we witnessed
of urging students to refine their mathematical reasoning and
explanations.

® The second year teacher of precalculus polled her students on the
problems from the previous night's homework sheet that caused
particular difficulty, then told them to work on them in small groups
for 15 minutes with the direction: "“Choose your groups carnfu11y.
Pick someone to work w1th who knows what he or she is doing in the
area where you need help.” The groups were lively, on task, and in
our view, fairly successful at covering the troublesome prob1ems.

By their own assessment, the work load of the mathematics teachers has
kept them from helping each other as much as they would 1ike, and has
kept them from attending to the newer teachers, in particular., It thus
threatens to dilute their well-conceived general mathematics program. 1In
our view, it also threatens to waste some of the refreshing classroom
dynamics we witnessed. To amplify on a previous example, there was
little follow-through on Bernstein's "“you didn't say it clearly enough
so others could understand it" interjection. The student to whom the
comment was directed was left to sit silently and apparent1y confused by
the advice. But there were 33 students to attend to in the class -- with
a range of abilities, since there is no honors level -- so the 1ack of
follow-through, wh11e unfortunate, seemed inevitable.
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The Friday sheets dovetail nicely with Trinity's approach to mathematics
competitions. Together, they constituted one of the best efforts we
witnessed in our study to generate enthusiasm for mathematics outside of
the classroom. We saw a variety of approaches to competitions in our
site visits, but none that was as broad in scope as Trinity's. The
teachers want to see all students -- not just the top students --
involved. As Robbins recalled: "We thought through compet:lions very
carefully 15 years ago. First of all, we instituted weekly in-school
competitions, then began taking students to local competitions. They cid
badly at first, but we began to note an improvement in achievement on the
national exam of the Mathematical Association of America, even among
average students. We also noticed that, through the competitions, we
were asking the students to integrate their classroom mathematics
learning." At that point, the teachers began the Friday sheets to feed
this trend toward integration and improvement.

Now Trinity excels in their league competitions, yet their commitment is
still toward all the students. More than 50 students gather with
teachers for Tunchtime versions of the Atiantic-Pacific Mathematics
Competitions. Shortly before we arrived, Trinity brought six five-person
teams to a league competition. The veteran teams scored high enough for
Trinity to win the competition, but what impressed us was the account by
the assistant principal, who drove students to and from the competition,
that the older students were debriefing, consoling, and coaching the
younger competitors all the way home. Again, these younger competitors
were not all stellar students. Indeed, in one class we heard one of the
teachers urging students from the Development Program to take part in
the next competition. When we began to think of Trinity as a diamond in
the rough, we had in mind this consistent and supportive mechanism for
prodding the widest range of students toward excellence in mathematics.

The students seem to be responding to the mechanism. As one Student
responded to our question about what makes Trinity's mathematics program
so successful: "Easy, here kids help each other learn, and the teachers
help kids. If I were a student in the high school that we compete
against, and if I asked another student for help, he'd be 1ikely to cover
his paper with his hands and tell me to figure it out myself. Here at
Trinity we cooperate with each other."

Summar

With their extraordinary efforts to enrich the content and sequence of
courses as well as classroom dynamics, with their nurturing of
institutions such as peer tutoring, the Development Program, the Friday
problem sheets, and the mathematics competitions, the mathematics
teachers have created a dynamic as well as exemplary program. And yet,
as we mentioned at the start, tension shows through the fabric of the
program almost constantly.




As the principal told us, Trinity is a "hypercritical community":
parents/voters criticize the scope of the mathematics program and
withhold their support at the polls; students respond to rumors and stay
away from anything unfamiliar, Such as a new computer course or a
precalculus course taught by a relatively new teacher; the high school
mathematics teachers criticize the middle school mathematics teachers and
vice versa; the high school mathematics teachers are very wary of
administrators and critical of their lack of support; and despite their
words of support for the mathematics program voiced to us, the
adninistrators seem somewhat muted in that support and appear caught
between community criticism and their own admiration for the breadth of
the mathematics teachers' efforts and success.

When a group of teachers such as the Trinity High School Mathematics
Department struggle and succeed, in general, despite pockets of failure,
it seems essential that the surrounding community of administrators,
parents, voters, and so on, focus primarily on the success and
effectively communicate their support for the efforts and their
appreciation of the success. That communication of support is
regrettably missing in Trinity; blame is resorted to much too quickly,
and the struggles of the department will probably continue. For our
part, we believe we saw at Trinity several program facets -- the
well-defined approach to problem-solving and competitions, the
wall-organized approach to supplemental help, the well-conceived approach
to general mathematics -- that can stand as exemplary models for many
other schools.




SILVER VALLEY HIGH SCHOOL

"What makes our program successful? Well, for one thing, we stay on top
- of every student."
Mathematics Department Head, Silver Valley High School

A striking feature of exemplary mathematics programs is their insistence on
getting the most out of their resources, both material and human. They
jdentify goals, plan how they will reach them, and then stoke whatever fires
are available to them. The better ones take absolutely nothing for granted in
this process -- not past laurels, nor the professional backgrounds of their
teachers, nor the family or school backgrounds of their students.

One of the best of these is Silver Valley High School. Seemingly oblivious to
its comfortable suburban setting, the school has put together an
extraordinarily comprehensive mathematics program, which grasps in all
directions in its pursuit of excellence. In a professional community where
parent interest in mathematics education might safeiy be assumed, the
mathematics department has one of the most persistent programs of parent
communication that we observed in our study. In addition, they have
established an elaborate program of student placement and monitoring, and a
carefully planned system of teacher training and evaluation. As a result,
expectations are high on all sides and attention to accountability -- for both
staff and students -- seems everpresent. The program has set out to keep aili
participants on their toes, and it has succeeded admirably. If teaching
mathematics is part art and part science -- with the blending dependent on
individual situations -- then Silver Valley leans heavily on the science end
of the formula.

Background

Silver Valley High School serves four small, modern, middle-class suburbs of a
large Midwestern city. Its single-level, sprawling campus sits close to an
interstate highway that is a straight ten-mile shot to the central core of the
city. Because of its convenient location and record of excellence, and
because it was amenable to the challenge, Silver Valley became the first
school in its state, in 1976, to take part in an interdistrict
busing-for-integration program. Since then, the school has admitted about 25
black students from the city each year.

Like many middle-class suburban schools, the school has a rapidliy declining
enrolIment. In 1976-77, it served 2,100 students; in 1983-84, there were only
1,660 students; and projections for 1990 picture a further decline by several
hundred. Unlike some other victims of a similar decline, however, Silver
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Valley shows none of the wear on staff morale or tear on its curriculum. It
was not the wealthiest school we visited, but it is evidently comfortahle
enough to hold steady on its course. The district ranks among the highest in
its state in value per student. At the time of our visit, its annual
expenditures per student were $3,225 for educationai purposes and $550 per
student for transportation, construction, and debt service. The high school
has managed to retain a teaching staff in which 80 percent have master's
degrees or higher, and an average student-teacher ratio of 15:1. The academic
$tamp on the school is clear: about 85 percent of its graduates go on to
college -- more than 75 percent to four-year colleges.

While the school as a whole has heen shrinking, the mathematics program has
been thriving, with a rise in the past six years in the percentage of students
enrolled in mathematics courses. In a school that requires only one year of
mathematics, the figures are impressive: 16 percent of the students who
graduate have taken at least one semester of calculus; 90 percent of the
students take both algebra and geometry courses. Most impressively of all,
perhaps, more than 90 percent of the students in the ninth-grade arithmetic
skills course go on to take a full four years of mathematics. In addition,
the school has maintained an average SAT score in mathematics (539 in 1982-83)
well above the national average (467), despite the relatively large number of
students taking the exam (more than 220 in 1982-83 out of a graduating class
of 420 students).

These statistics attracted two site visitors in Silver Valley for a three-day
visit, as did the school's sound record in mathematics competitions and the
extraordinarily high level of student involvement in computer programming and
in using commercial software to supplement their mathematics courses. (The
school was the first in its state to use computers in instruction, in 1967.)

We had selected some other programs to study that were relatively new to
excellence in mathematics, some even where change and experiment seemed
central to their excellence. Here, in Silver Valley, was a program with an
extended acquaintance with excellence, yet with the sustained impetus to keep
improving. Like the interstate highway the school abuts, 1ike its campus, and
1ike the communities it serves, all of which are modern but not brand new, the
mathematics program has reached a level of maturity that is still young and
fresh. It combines maturity with a vision for improvement, and it was
explaining this combination that challenged us as site visitors.

One manifestation of maturity in Silver Valley's mathematics program is the
staff, which has enjoyed a remarkable longevity. In describing their role
within the school, the principal referred to them as “"our stalwarts, our
watchdogs on excellence,” and talked of their dependability during the shaky
days of the early seventies, when experimentation in education -- often
shnallow -- was the national rage. Of the 16 teachers in the department, 10
have been part of the program since the 1960s. Along the way, several others
have been lost to industry and to other schools, but the core has stayed
together since the early days of the program. In part, but only in pait, this
record is explained by the ability of the district to pay well. The principal
estimated the school's salaries to be the highest in the state for teachers
with master's deqrees plus 30 hours credit {top salary: $36,000).
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Not that money flows freely for the mathematics program. The five-member
School Board (selected from the four communities) that oversees the high
school has proved it can maintain a tight grip on its purse strings. The
school 's computer coordinator, a mathematics teacher, had tc make eight
presentations to the Board before they would release the money to buy the 32
-Apple computers he was requesting. Granted this was a considerable
jnvestment, but with the school's remarkable track record for computer use,
the safety of the investment might have seemed assured. In any case, there
~are two telling comments about the mathematics program in this story. First,
they have been well supported in material resources (24 of the computers went
to them), albeit with occasional struggles. Second, and perhaps more telling
for an analysis of the program's success, they were willing to persist, to go
back before the Board that eighth time, to get what they felt they needed.

The Board oversees only the high school. Each community has its own
elementary and middle schools, and its town boards governing them. Because of
the solitary focus of the Board, the principal is really a district
adninistrator and deals directly with them. In that sense, the communities
are closely connected to the school and thus to the mathematics program.

Beyond that, we saw no evidence of direct parant involvement in the program.
It seemed, however, an absence born of trust and satisfaction, because the
department is assiduous about communicating with parents. "It is the
chairman's responsibility to deal with the public," we were told by John
Young, Silver Valley's mathematics department head, and he has instituted some
practices to make it happen. There are mailings that explain the course
offerings, the homework policy, the placement and monitoring policy, and the
advanced placement program. There is also a parent guide to good home study
skills. Eight student reports go home, four in the form of quarterly grades
and four in the form of mid-quarter progress reports. Parents are involved in
student course changes or when a student moves from one curriculum track to
another. And the department keeps a record of every parent phone call on
student placement: who called, the nature of their message, and the
resolution of their conversation.

Leadership

Both Silver Valley High School and its mathematics department have been shaped
from Tong and deep convictions about the role of leadership in education,
primarily in the thinking of Mr. Cabot, the principal, and John Young, the
mathematics department head. Each man seems to recognize the incontrovertible
yet too rarely accepted fact that educational leadership fails if it does not
both exalt teachers and genuinely c¢hallenge them to grow as professionals.

"I have always maintained that teachers are managers," Cabot said, "and should
be treated and trained as such." With that conviction as a guide, he pursued
several basic changes when he became principal over a decade ago. He
eliminated lavatory and lunch duties for teachers, reorganized the physical
space within each department so that every teacher has space of his or her own
in which to work, and began a systematic program of professional development.
He "talked the Board out of a top management model" and sold them on his

3
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; model, one in which department heads assume a larger share of managing their

| departments. Each department head is responsible for his or her departimental ‘
budget, curriculum development, and hiring, and shares the responsibility for
teacher "evaluation with another department head. Thus, John Young and the ‘
head of the science department share the responsibility for evaluating the [
mathematics teachers. Other departments have similar arrangements. It seemed |
a clever mechanism that allows evaluation by people close to the material ‘
being covered in the classroom, while guaranteeing that the evaluation
includes the perspective of someone who is not too close to the people being
evaluated. When the mechanism was set in place, Cabot sent all the department |
heads to be trained together in supervision. Department heads are officially ]
adninistrators at Silver Valley. Each teaches two courses, and each is
through teaching by 10:30 in the morning, so that departmental administration
can flow unimpeded throughout the remainder of the school day.

|

Cabot's delegation of authority applies to parent relations as well. "I don't
deal directly with parents. We urge the parents to deal with the teacher
directly, or if not the teacher, the department head."

Evidently, Cabot's delegation of authority is extensive, so extensive that his
management structure dominated our conversation with this mild-mannered but

strongly opinioned man and made his rare comments about pedagogy seem almost

out of place. On the surface, his brand of leadership seems to fly in the

face of the bevy of recent recommendations about effective school 1eadership,

which generally include some variation of the rule that effectiveness suffers
in proportion to the distance of the school leader from the classroom. But
the surface impression ignores the fact that Cabot has created a team of
active school leaders within his school, whose representative in the
mathematics department, at least, is an exemplar of the recommendations from
the effective schools literature.

John Young is as mild-mannered as Cabot, and so appeared to us quite different
from the many intense, emotional, even volatile department heads we met in our
visits to exemplary programs. After several days of observing his controlled
and patient demeanor, it came as no surprise to us to learn that he is a

tal ented magician by hobby and produces an annual magic show for the school.
Just as with Cabot, however, Young's mild manner belies a store of strong
opinions about education, opinions that have set the tone and shape of the
mathematics program in the 13 years in which he has been department head.
During that period, he has earned the respect of colleagues throughout his
state for the evident success of his program, and has gained national
recognition from his book on effactive teaching techniques in mathematics,
published by the Mational Council of Teachers of Mathematics. Furthermore,
when we visited he had just returned from the ¥hite House, where he had
received his state's Presidential Award for mathematics teaching.

Thus the cachet of Young's opinions is unquestioned, yet we found his
expression of them, while firm and confident, to be refreshingly free of
pontificating:

o on teacher growtii -- "It takes three years before a teacher contributes
more than the text."
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e on homework -- "It is essential. When I supervise, I specifically watch
how teacters handle students who don't Jo homework."

e on his program's success -- "If I were to try to reproduce the program's
success elsewhere, I know two things I would stress: K-12 coordinatic.i,
and staff involvement in professional meetings -- at Teast one a year. If
you come back with two ideas, it's worth the expense and effort. Just to
talk and meet with other people makes it worth it."

- Young's supervision of his teachers, shared with the science department head,
is extensive. New teachers are observed in class ten to twelve times per
vear, sometimes without prior warning, and the supervisors fcllow their visits
with criticism and some training, often based on Young's book. Veteran
teachers are observed in class two or three times per year.

Coordinating curricula is very important to Young. He meets with the head of
the science department periodically to review how well the two departments are
nourishing each other. (Young gave us an example of an issue that might
high1ight such a meeting: "Is the mathematics in the science courses too
tough?") He meets once a month with the staffs of the elementary and middle
schools whence his students come. Together they discuss curriculum issues and
student placement, which is based not only on standardized tests, but also on
eighth-grade teachers' ratings of study skills and the recommendations of a
commi ttee of mathematics teachers. Young alsc has workeu with the middle
school staffs to develop a test to be used for eighth-grade placement. The
head of guidance at Silver Valley told us: "“The mathematics department has
done more than other departments in K-12 coordination. They have, for
example, held inservice sessions with the middle schools in content areas that
needed stressing."

There is one facet of the middie school curriculum where Young's opinion and
influence have been unbending. He and his staff are adamant about there being
no eighth-grade algebra in the district. Instead, to accommodate the
brightest eighth-graders, Young is developing, with the middie schoo’
teachers, a course that comprises some prealgebra, statistics, logic, and
nontraditional problem-solving.

Within his own departmernt, Young has delegated some of the responsibility for
curriculum coordination to faculty committees within subject areas. Thus,
algebra 1 teachers form a committee, as do the geometry teachers, and so on.

Generally, the expression "tight ship" applies to the system Young has set

up. He does not 1ike to see any leaks or weak 1inks and, when he spots one,
he moves to shore up the systeni. During the cotrse of our several
conversations, he had remarked that student respect for and attention to
homework have recently been (in his eyes) unsatisfactory at Silver Valley.

The department's homework policy is exceptionally firm -- offenders are
required to stay after school to make up neglected work -- and it is routinely
enforced, yet Young still perceives a problem to be overcome. As we parted,
shaking hands, at the end of our visit, he briefly summarized the program's
future for us and then added, "We're not going to give up on homework."

5
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Curriculum and Implementation

Not giving up also describes the history of the mathematics curriculum at
Silver Valley, but with a slightly different twist. Unlike many of their
colleagues around the country, the staff veterans who began teaching in the

_ sixties 1iked much about the School Mathematics Study Group (SMSG) "New Math"
materials, latched onto them, and have not let go since. One of the teachers
has even invested in hard covers for SMSG materials in order to preserve them
for the precalculus he teaches. John Young has adopted the SMSG logic
materials and problem sets for his honors algebra I. The materials have
survived only in a few courses but, nonetheless, as my site visitor partner
exclaimed after one class visit: "The new math is alive and well at Silver

Valley.

It is alive and well aiso in the way it informs textbook decisions. When we
interviewed both Young and several of his geometry teachers, they were pleased
with their choice of a new geometry textbook (published by McDougal/Littell
Press) that uses algebra as a primary vehicle for approaching geometry. (A
typical procedure might deduce information about a triangle through the use of
simul taneous equations.) The integrated approach obviously appeals to their
SMSG-rooted sensibilities.

This text is used in the two middle tracks (of the four tracks) of geometry.
An informal geometry text is used in the lowest track, and two texts -- one on
integrated geometry, the other on analytic geometry -- are used in the honors
course. Moire generally, the four tracks or levels of the curriculum are
Honors (accelerated and enriched calculus), A-level (enriched calculus),
B-level (precalculus), and C-level (non-precalculus). Students are placed in
the different levels through a procedure described in the following brochures
for parents:

"A student's initial placement in a particular subject is based on the
level of performance as assessed at the end of the eighth grade. The
initial recommendation for placement is made by departments after careful
study of the following criteria: seventh/eighth grade achievement,
reasoning ability, interest, Silver Valley Achievement Entrance
Examinations, national standardized achievement tests and aptitude tests,
and eighth-grade teacher reccmmendations.

"Flexibility in course placement is a continuing practice in each
department each school year. Recommendations for course changes are based
upon achievement and interest, in addition to parent approval. Course
changes may occur at any time. A student and/or parent may request a
review of placement any time during the four years. Such requests are
directed to department chairpersons."”

The commitment to appropriate and flexible placement continues well into the
school year. For instance, there is a course called A/B algebra, for students
whom the staff have identified as having the potential for doing A-level work,
but who 1ack the appropriate study skills. During the first semester of the
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A/B course, the teacher puts special stress on study skills, through careful
attention to correcting test problems and through individual attention to
students in class. At the end of the semester, those who seem to have
realized their potential move to the A-level course; the rest of the students
remain together and the course becomes a B-level course.

Complementing Silver Valley's placement system is their monitoring system.
Some of it, such as the nurturing and observing in A/B algebra, is relatively
tnformal. But the department has also formalized monitoring to an extent, in
part at the behest of Mr, Cabot, the principal. As he told it, around five
years ago they discovered that approximately 120 of their students did not
have the skills to survive the eighth grade, never mind the rigors of high
school. The discovery served to prod the Board into funding a clinic with a
full-time aide. The clinic, which costs about $8,000 a year to maintain, has
several uses. First of all, it supports the efforts of the mathematics
department in guiding Students safely through the minimum competency test all
students take in their junior year. A screening exam in freshman year alerts
teachers to the students who will find it tough to pass the competency test
two years iater, and those students are urged to take advantage of the clinic
in their free time. Once a student has failed the competency test in the
junior year, however, he or she is obliged to visit the clinic during free
time. (This illustrates the tone and level of control in the program, since
passing the test is not required for graduation.) The clinic is thoughtfully
hidden away to make visits more palatable. Even so, Young told us, "The aide
is prepared to drag the students in from the hallway". A second use derives
from the departmental homework requirement: students who are delinquent in
doing homework must spend time in the clinic after school.

Cahot and Young instituted cie other mechanism to buttress students' chances
to pass the minimum competency test: the so-called skills maintenance
worksheets. These brief basic skills quizzes are administered each Thursday
at the beginning of class. Typically, there are four or five exercises built
around one topic. An example of an exercise from the percent worksheet is:
“Sara wants to enter 12 3/4% on a calculator without a '%' key. What decimal
number should she enter instead?"

To sum the curriculum story so far, the Silver Valley mathematics curriculum
is divided into four levels. There is some traditional textbook use, as well
as several courses in both the high and Tow levels where teacher-developed
materials are used instead of texts. Some of these materials contain vestiges
of the S¥SG materials of the 1960s. A comprehensive placement and monitoring
system supports the curriculum.

No curriculum implementation is ever perfect, and some tarnish shows up at
Silver Valley when students talk about the differences between the hcnors
H-level and the other levels. Several students told us that it was not
uncommon for students to be eased out of the H-level because of their
unsatisfactory work, and then for them to “"coast" through A-level cuurses with
A's. Whatever the real facts are, it was clear that the students perceive the
four levels to be two Tevels, with a wide gap in between.




The one other notable component of the curriculum is the computer curriculunm,
one of the best that we saw in our site visits. In fact, it represented the
best corbined use of programming, course-related tool software, and general
software of any school we visited. Of the school's 48 Apples, 24 belong to
the mathematics department; they are divided evenly between two 1abs, one of
which is reserved for use within mathematics courses, the other available for
individual student use during free time (between 7:00 and 4:00). The two labs
are separated by a glass partition, and both are observable from the office of
one of the mathematics teachers, Mr. Cosgrove, who can both monitor use and
assist classes who are using the computers. Apparently, not much monitoring
is necessary, as Cosgrove reported tc us: “We've told them that we'll close
it down if they abuse their privileges. They police it pretty carefully."

A1l programming courses are elective and, at the time of our visit, there were
320 students "actively involved" in them. The courses were being replanned
during our visit. Programming I and Il have been semester courses in
algorithm construction using BASIC, and advanced programming a course
involving projects, which students could repeat as often as they liked. In
the new design, programming Il would concentrate on LOGO, and advanced
programming would include machine language. In addition, the staff (the four
who teach computers) planned to institute a less formal version of programming
I for Level C students. Cosgrove talked with us about one engaging as well as
ambitious idea he has embarked on: to work with the school's industrial arts
department to build a robot -- programming students doing the programming and
shop students doing the assembly.

Silver Yalley seemed 1ike most other schools in their experimentation with
programming, confronting questions about which languages to teach, how to
guarantee wide access, and so on., And a few of the more common problems have
cropped up in the program. For example, female enrollments drop way off after
programming I (15 out of 16 in programming Il were male).

In one aspect of their computer curriculum, however -- using the computer to
support course work -- Silver Valley seems much more settied and mature than
its counterparts around the country, a phenomenon no doubt derived from the
_mathematics department's long association with computers in instruction.
Geometry courses have built-in programming components, and Cosgrove described
how, when he works with Level C students in programming I, he takes time to
teach the working of such things as the slope and quadratic formulas. When
other teachers reach certain topics in algebra, trigonometry, and analytic
geometry, they are welcome to bring their classes for a computer session with
Cosgrove's help and the help of the department's bank of tool software. The
bank includes some of the graphing software of MECC and Scholastic, Inc.,
Addison-Wesley's conic sections and trigonometric functions software, and Math
Software's Super/Math Package.

To place it in perspective, the well-organized computer use is typical of the
entire mathematics curriculum and its implementation. A1l tests are
computerized and all courses are designed by objectives. So when Young, the
department head, sets out to search for new textbooks, he takes his cues from
the course objectives.




When the teachers want to take the pulse of their placement program, they can
juxtapose computerized test results with computerized placement records
(complete with records of parent involvement). The program stands out as an
exemplar of superb management, with very few blind spots. One possible blind
spot is female involvement in advanced courses; we heard 1ittle concern

. expressed about the male dominance in a few of the courses (15 out of 16 in

programming 1I; 18 out of 24 in honors precalculus; 12 out of 19 in advanced
placement calculus AB). Another weak point has been representation of black
students in upper levels, but Mr. Cabot, the priacipal, was optimistic: "I
sense an upward movement of the black students. When busing began, they were
all C-level students. Now there are some at the A and B levels, as well,"
Whether the optimism is warranted remains to be seen. As noted above, many
students, both black and white, perceive a sizable gap between the honors and
non-honors levels, and the staff will have its work cut out to eliminate this
percention of a program divided into two classes -- the select and the
non-select.

Teachers and Teaching

As might be expected in a department where 10 teachers have been together
nearly 25 years in a school whose principal actively cultivates
professional ism among his staff, the 8 Silver Valley teachers we observed
were, for the most part, models of effective teaching behavior. To our eyes,
they obviously planned well, stayed on their planned courses, used class time
to its fullest, engaged their students in active discussion, and so on; in
short, they were 1iving manifestations of the recommendations of the effective
teaching literature. We could fault them on only one ground, and it is one
that plagued most of the programs we studied. When a crisp pace to classwork
is prized, then muny students are left to sit silently in a state where
neither teacher nor class observers can be sure they are understanding what is
going on. For the most part, however, the approach to instruction is right in
line with the literature.

Of course, their disciplined approach to teaching is understandable, since
Young's book has played such a central role in staff training and evaluation
at Silver Valley. But their commitment to perfecting their craft predates the
writing of the book. The older teachers are almost all veterans of the
National Science Foundation summe* training ot the 19€0s. The grand
prizewinner in that category is Mr. Cosgrove, who counted off nine in which he
had participated, in a variety of settings around the country.

What was less expected were the range of teuching approaches in the
mathematics courses and the dynamism of most uvf tha veteran teachers. The
latter was impressive in 1ight of the Tong experience of the majority cf the
teachers, decades in the classroom that would have dulled the edge on many.
As for the teaching approaches, we saw combinations of whole-group
discussions, small-group work, team boardwork, individual seatwork and
boardwork, and individual student recitations and explanations at the board.
Di fferent teachers used different combinations; those who aim for variety
talked about their reasons for using the techniques they chose, usually to
have some effect on the students' expectations or to improve study skills.
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Mr. Bardak, who teaches honors precalculus: "Right now, at this point of the
year, 1 have started them off with small-group problem-solving. When I call
on a group, they choose one of their group to report on their work. Pretty
soon, I'11 move toward requiring them all to be prepared, so that I can call
on anyone."

. Throughout the program, there were manifestations of one of the most

universally powerful factors we encountered in our site visits -- the
communication of high expectations. Much of what has been reported so far in
this case study reflects the strength of the factor at Silver Valley. A
conversation with several students -- black students bused in from the city --
made it especially memorable for us. One of the students remarked that the
program had been good for him. Asked why, he said, "Mr Young makes you do all
this homework, and you do it." "Or," another added laughingly, "you don't
take math."

Young's book recommends the use of overhead projectors in class discussions --
both to present new material and to pose problems. We saw the projector used
in more than half the classes that we visited. The book aiso recommends
seating students in a U-shape to facilitate discussion. That, too, we
observed in several classes, although traditional seating was more the rule.

The quality of teachers' classroom interactions was high in most of the
classes we visited . {One exception was the AB advanced placement calculus,
where the demands of the material, pc.ticularly the amount, seem to legislate
against much thoughtful interaction or time for student interpretations.

This, by the way, was typical of most of the AP courses we visited in programs
around the country; a fast pace seems to supersede other values.) In the
Paideia Proposal, Adler wrote about the three roles of teachers: to deliver
Tnformation, to coach, and to stimulate thinking. ke saw examples of all
three in the Silver Valley program:

Mr. Young's honors algebra I:

o "Put this in your notes."

"What's wrong with =3 2 x> 72"

"Those are not the right words, but that's the right idea."

"Wwhat do you observe about these statements?"

(to a student who suggested a solution to an inequality, then discovered
it didn't work.) "That's good. It gives us information about something
that doesn't work."

Mr. Tadisch's B-level geometry:

"What can you say once you know these 2 angles are equal?"

s 'Everyone stand. When you see the error in Judy's proof, sit down --
that's good. Five people were left standing. That means they were saying
they didn't understand. They gained something."

e "Nobody has a solution? Okay, pull together in small groups with your
neighbors and share your ideas.”

® "That approach luvoks promising. Get on that horse and ride it."

10
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Tadisch, who coaches baseball, appeared to have a welter of strategies up his
sleeve. A few are definitely of the corny variety, but they seemed to appeal
to his students. One is called "The Top Ten Hustle." Tadisch puts a problem
on the overhead projector, and as students complete it, they rush up silently
to show him their answers. The first ten who are correct are awarded numbers,

- somewhat in the fashion of tre finishes of a cross-country race.

We asked David, one of the students in this course, to describe its
outstanding features: "I 1ike the different techniyies -- the overhead
projector, the problem work in small groups, the board work. They help me get
the stuff down better. I also 1ike the different ways Mr. Tadisch finds to
give all the students a chance to do well. Like his 'Mulligans' -- surprise
quizzes that only count toward the grade if you do well." About what might
make the entire program work so well: "I can always get help anytime after
7:30 in the morning. I may not get to work with a particular teacher, but I
know that someone will help me."

Of course, teacher availability is a built-in feature of Cabot's grand design
for a school where teachers can concentrate on managing students' learning and
their professional growth. Eliminating lavatory and cafeteria duty did not
necessarily make 1ife easier for the teachers. Their typical course load has
grown from four classes a day to five, and the district requires that they be
available to students from 2:30 to 3:45 every day. As David indicated,
however, teachers typically go beyond what is required of them. During the
school day, students needing help can check in with the aide in the clinic or
catch a free teacher at her or his work space in Young's outer office. Ms.
Brodski, a second-year teacher, uses her two planniny periods during the day
to call parents, aleriing them to any coursework trouble that might 1oom for
their children. She teaches primarily at Level C and bemoaned the lack of
concerned parent response that she saw as typical of that level.

If there is gray side to this exemplary program, an area where the efforts are
not quite so sharp as they are elsewhere, it is Level C. To be sure, if 90
percent of the students at that level take 4 years of mathematics, the problem
cannot be severe, but the classroom interactions seemed less sharp there and
the teacher behavior less dynamic. Teachers of the A-and H-levels hardly ever
teacnh B or C courses, and the same is true of B- and C-level teachers teaching
A and H levels. (The arithmetic skills course has been taught by the same man
for 17 years, and he requests it each year.)

Interestingly, while the staff showed 1ittle concern about this situatior and,
indeed, seemed satisfied with it, some of the students cited it as a
shortcoming.- Without doubt it contributes to the widespread student
perception of the gap between the upper and Tower levels. In a touching show
of care for their peers, a gesture that was reproduced at other exemplary
sites with a similar situation, Silver Valley honors students gave us one or
another variation of: "The best teachers teach the upper level courses. I
wish the Tower level students could have them as teachers, too." No matter
how accurate their assessment of the teachers, the students’ lament serves as
a warning that the program's unquestioned excellence is tainted with perceived
inequity, at the very least. Staff decisions about course preferences have
done 1ittle to mitigate the perception.

n
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There is one other aspect of teaching and staffing that was important at many
mathematics programs we visited, namely, the collegiality, teamwork, and
sharing among the staff. At Silver Valley its influence seemed muted, though
we were told that it does take place informally. Mr. Cosgrove mentioned the
importance to him, through the years, of teachers' mutual support in
_identifying critical subtopics in the various courses. Another opportunity is
provided by the math team, for which seven teachers, without pay, serve as
coordinztors and advisors. And finally, professional meetings provide this
staff a stimulus for interacting. As noted above, Young, in particular, and
Cabot stress the value of such meetings and 80 percent of the mathematics
department respond by attending at least the state-level mathematics meetings
each year.

Conclusion

Silver Valley is rich in factors contributing to the success of its
mathematics program. The dominant one is leadership, in the persons of the
prircipal and, especially, the department head. Their careful planning and
management have produced an environment which both exalts and challenges the
teachers. The teachers themselves constitute a second influential factor,
through their knowledge, dedication, flexibility, classroom control, and
enthusiasm. A third factor is the curriculum, carefully sculpted through the
years and supported by an exemplary system of placement and moni toring. The
resul ting program is steeped in high expectations and a constant attention to
accountability.

- The Tong acquaintance with excellence is also a contributing factor of a sort
-- the so-called "halo effect"” -- which signifies that a tradition of success
breeds pride, high expectations, and so more success. But for schools who
want to learn from Silver Valley's success, citing the halo effect begs the
jscue. It is much more instructive to look at the quality that ties all of
the above factors together and drives the tradition of excellence. That
quality is consistency. It is a subtle quality that informs the entire
program. For exampie, it leads parents to expect to be well-informed; it
allows David, the student, to expect Mr. Tadisch always to make it possible
for him to do well in class; it allows the teachers to expect a challenging
review each time they are evaluated. That kind of consistency does not
develop easily. It is the product of comprehensive planning and moni toring,
and demands a constant commitment to honest self-criticism. Silver Valley
exemplified it as well as any program we visited.




TAYLOR HIGH SCHOOL

“Most of the teachers in this school pull and gnaw and are fiercely
independent. But even in that group, the meth people stand out
because they have a lot of pride, and they work exceptionally hard.
I know of at Teast 3 who work 70 hours a week . . . There is a
negative side, though, because burnout poses a real threat to our
. mathematics department.”
The principal, Taylor High School.

As we moved from school to school in our study, we mapped a variety of
routes to excellence in mathematics. We saw no easy routes, of course,
but we did mark some safe ones -- stick to the text, watch test results
carefully, do what others do, but do it better. A second group of
exemplary programs challenge their top students with the nontraditional,
but keep to a traditional, though still demanding course with average and
below average students. A few others are innovative with all their
students, controlling risk with a basic reliance on traditional textbooks
but incorporating the nontraditional where they see the need and can grab
the opportunity.

Taylor High School fits into this last category. The teachers have
commi tted themselves to frequent and meaningful computer use in every
course; they have bolstered their committment to excellence with an
innovative extracurricular program for minority students; and they have
made a conscious efiort to keep girls from dropping out of mathematics
courses. As Taylor's principal notes, the demands of innovation in the
program have been severe. The strain of the staff's hard work shows
through the gleam in the program, yet it is impossible to imagine the
gleam without just that kind of effort. It is also difficult to imagine
the program as imaginative and successful as it is without the support
the Taylor mathematics teachers have drawn from the school and district
administrators. In her letter of application to our study, the
department head cited the support of "our mathematics coordinator,
principal, director of secondary education, associate superintendent for
curriculum and instruction, and school board” in securing funds for an
expanded program in computer use. Her example not only outlines the
chain of support for the mathematics program but also indicates the
breadth of attention it has earned.

Back ground

Taylor High School is one of three high schools serving a Midwestern city
(population 105,000) much of whose character is molded by the large state
university located there. Taylor comprises grades 10-12, and its 1,700
students represent a cross-section of the city's population -- many
children of university staff, but many others with no univeristy
affiliation at all. Twenty percent of the students are black; another
ten percent are from other minority groups.
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The physical design of the school is distinctive. Set on an open rolling
expanse next to a small river, the round school buildings blend nicely
into their surroundings. They were also given the round shape, I was
told, so that students and teachers emerging from class would be spared
the sight of waves of bodies surging toward them. As the student
population grew, however, aesthetic concerns were set aside, and several

. mobile units -- so-called portable classrooms -- were installed on the

grounds. They are still used, complete with portable heaters and leaky
acoustics, yet in the advanced placement calculus course I observed, the
close environment added an air of intimacy to an already congenial group
of learners.

Congeniality abounded in the mathematics program at Taylor High School.
The staff -- principal, assistant principal, and teachers -- were
remarkably cooperative, thoughtful, and informative. And, when I asked
to talk with a couple of students -- meaning exactly two -- the
department head sent out the word and twenty appeared in the appointed
room during their free period, eager to express their opinions about the
program.

The attitudes of Taylor's staff and students reflect those of the
surrounding community. The imposing proximity of a large and very good
university puts education -- and mathematics education in particular --
on the front burner of interest for many residents of the city. Parents
were termed “very interested and very aggressive" by the department head,
Mrs. Schmidt, who also characterized the community as: ‘“very

supportive: they have never turned town a tax millage." It would be a
mistake, however, to write off Taylor's success in mathematics to its
sophisticated setting and the interest of it constituents. The other
large high school in the city has a student population similar to
Taylor's, yet their mathematics results are not on a par with Taylor's,
and their drive to be innovative lags far behind. As one of the district
adninistrators told me: "The staff at Taylor pushed us on computers.
We've had to push the other staff."

All the same, while the community's interest in education hasn't assured
Taylor's success in mathematics, it hasn't hurt, either. And while it
seems evident that the mathematics department succeeds in good measure
because “they pull and they gnaw," to use the principal's phrase, it is
also evident that they find it inviting to pull and gnaw in a community
where education is a commodity large and visible enough to grab onto.
During my visit, there was circulating in the community a 78-page
document called "Proposals for High School Improvement" which, among many
recommendations, calls for raising the mathematics course requirement
from 1 credit to 3 credits.

The debate in the community over the document has been intense and, at
times stormy, as group after group have offered their opinions. “We have
to ask for input from every community group," the director of secondary
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education told me, and so Cluster Meetings have been held with various
parent groups, the Rotary Club, the NAACP, and so on. Adding spice to
the debate has been the community's unsympathetic response to the
teachers' strike that delayed this year's opening of school by three
weeks.

There is another, somewhat conflicting side to the community, as well.
In spite of signs of community interest in education, the group of seven
girls from AP calculus whom I interviewed complained that there is too
1ittle attention paid to academic excellence among Taylor students. They
felt scorned for their AP ties and resented the annual "Geek Week" in
which participating Taylor students don glasses and carry armsful of
books around the school. And in spite of the presence and influence of
the university, the mathematics department head told me that the
department doesn't use or interact with the university “nearly as much as
we should." Indeed, except for the engineering program for minority
students described in a later section, I saw no evidence that
contradicted her.

The apparent conflict here -- community intensity about education versus
some insouciance at the school -- resolved itself for me as I got to know
the students and teachers better. The former -- in particular, the AP
girls -- are very serious and thair standards are high; the latter are
exceptionally confident and independent.

When we chose our exemplary sites to visit, we were attracted to Taylor
for several reasons. Certainly the efforts to attend to equity in
mathematics education were attractive, and the moderate success of those
efforts made the school even more attractive. Although girls represented
less than a third of the advanced placement calculus class I observed,
they represented half of the students in the non-AP honors calculus. We
were also impressed that, despite the current minimum requirement of only
1 course, the staff has been able to enroll 75 to 80 percent of the
students in mathematics courses each semester. Furthermore, AP calculus
test scores and the percentage of students taking them have been well
above national averages. And finally, we found Taylor's extensive and
innovative use of computers very appealing.

The support that underlies the computer use at Taylor is worth mentioning
here because it again i1lustrates how much and how widely the community
-- in this case, the school board -- thinks about education. The Board
has supported computer inservice for teachers, the summer development of
computer materials by staff, and the purchase of a relatively large
collection of hardware -- a few TRS-80's, 6 Itel time-sharing units, 22
Apples in the mathematics department, and another 24 Apples for word
processing. In a community as complex as Taylor's, however, no such
arrangement can be without its drawbacks and criticism. Indeed, the
school's computer coordinator is of the strong opinion that the Board
limi ted its generosity to hardware and has gone stingy with software and
support needs. Consequently, he worries that the mathematics teachers,
who bear most of the computer responsibility in the school, will get
swamped and demoral ized by their growing computer demands.
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Leadership

It would be a mistake to discount the computer coordinator's concern
about demoralization. It would also be a mistake, however, to
discountthe enthusiasm that drives the mathematics teachers' sense of
adventure and exploration as they set about changing the curriculum in
some innovative ways. In a structure as rigid as the American public
- high school, a sustained spirit of exploration requires the support of
enlightened 1eadership, which exists for the mathematics teachers at
Taylor on three levels: the department head, the principal, and the
district's director of secondary education.

The department head, Mrs. Schmidt, has been teaching mathematics at
Taylor High since the school began in 1969, and she has chaired the
department for ten years. Compared with department structures at other
schools we visited, the arrangement at Taylor seems better than average
in its compensation of the department head. For example, Mrs. Schmidt
has a reduced teaching 1oad of four courses instead of five, and earns
ten percent over what her salary would be as a fulltime teacher. Her
authority to evaluate teachers is minimal -- by design, since at Taylor
that responsibility belongs to the counselors, the three assistant
principals, and the principal. Even so, as has heen the case with most
of the good leaders we observed in this study, Mrs. Schmidt's influence
over her teachers seems in no way diminished by a lack of official
authority.

The computer coordinator, a physics teacher and so a close, but still
outside observer of the mathematics program, spoke admiringly of Mrs.
Schmidt's abilities to "rein in the divergent personalities in the
department" and "to use what power she has as a lever to control the
department.” The image he offered was one of firmness, not rigidity, a
critical distinction for those who would foster growth among those they
Tead. That Mrs. Schmidt has kept this distinction sharp was confirmed by
two mathematics teachers who characterized her sharing of materials as "a
model for the rest of the department," and her willingness to "explain
difficult things to the staff in several different ways," as a model in
communicating.

Modeling of successful teaching behaviors is a characteristic of
mathematics leaders we have observed in this study, and so is the ability
to engender trust. 1 heard evidence of the latter from several teachers
regarding Mrs. Schmidt, but the most poignant example came from the Seven
girls in AP caculus. Almost all of them were enrolled in other AP
courses as well, and they spoke fervidly of the pressure of their work
loads. "Mrs. Schmidt," they told me, "is the only AP teacher who doesn't
act as if her course is the only one in the school. We can trust her to
change test dates if our other courses get too demanding."
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I observed one incident that illustrated another aspect of Mrs. Schmidt's
qualities of leadership -- her willingness to listen. As I was chatting
with her in the central area of the mathematics department, a teacher --
an exchange teacher from England -- walked in, glowering. Apparently he
had endured nothing but trouble for the previous hour from one of his
classes. As he fumed to us about their lack of respect and their lack of

" motivation, Mrs. Schmid: 1istened, showed she understood how he felt, and

when he was ready to discuss options for dealing with the troublemakers
the next time they acted badly, she helped him to talk through some
options. :

At the next level of leadership influencing the success of Taylor's
mathematics program is the principal. His influence is primarily
indirect, in that he pays close attention to the needs of the staff,
worries about their morale, has taken some steps to alleviate their
worries, and has taken other steps to continue from Mrs. Schmidt the line
of trust that begins with the 1ink from the staff to her. For example,
when he saw the computer responsihilities of the mathematics staff
growing to worrisome proportions, he gave the position of computer
coordinator to a physics teacher. He told me that he takes pains to
involve Mrs. Schmidt and the other department heads as much as possible
in the interviewing of prospective teachers. When he recently became
convinced that the district administration was giving short shrift to his
staff in the development of the Proposals for High School Improvement,
he, in his own words, "put my job on the 1ine" to induce the
administration to bring Taylor's department heads into the process of
developing the pro:osals.

Despite some differences of opinion and strained feelings between Taylor
High School and the district administration over the Proposals for High
School Improvement, there is a third and very important level of
leadership that influences Taylor's mathematics program, and it emanates
from the central office in the person of the director of secondary
education, Ms. Falco.

Until the past year, she was the district's mathematics coordinator, and
her stamp of personal interest and enthusiastic support has been on
Taylor's exploration with computers from the start. More than that, she
has explored with Taylor's staff some of the far-reaching implications of
their commitment to integrate computer use into all courses. For
example, she is intrigued by the prospect that the strategy might serve
to ease girls into computer use, thus avoiding some of the male-dominated
patterns that have emerged when other schools have begun computer courses.

Falco's commitment to sex equity runs even deeper. She has brought
nationally recognized experts 1ike Judith Jacobs to the community to
speak with the teachers about women and mathematics, and she was
instrumental in including in the Proposals for High School Improvement a
provision that teachers will be evaluated on their effectiveness with
women and minorities. Success with young women in mathematics has been
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real at Taylor High School and it is growing, yet the school, and the
whole district, has so far failed to equal that success with minorities.
The failure is clearly a sore point and source of frustration for Falco
and, though she intends to target some efforts at the lower grades since
many of the minority students have already fallen way behind by the time
they reach high school, her sense of frustration continues.

Yet her frustration, 1ike the principal's concern for the stake his
teachers have in the future of Taylor, is a powerful and potentially
creative emotion, and it promises changes for the better. The power in
such feelings exemplifies the intensity of vision which guides the
leadership -- at all three levels -- behind the excellence in mathematics
at Taylor High School. Rarely in my travels to exemplary programs did I
witness the quality of visionary leadership that I saw in the mathematics
department at Taylor High School.

Curriculum and Implementation

Of course, visionary leadership in mathematics is worth little unless the
teachers also buy into the vision and apply.it to their teaching. That
Taylor's mathematics teachers share in the vision and associated

commi tment is evident in their pride and penchant for hard work. 1In
particular, they are committed to weaving computer use into the entire
curriculum, to adjusting curriculum materials to meet student needs at
all levels, and to attending to the success of females and minorities.

It was not the case that every teacher ! interviewed is driven by each of
these, but each goal has its own group of passionate advocates among the
staff, and the aggegrate of harmonious passions defines a unified staff
comitment. Furthermore, all of the teachers are determined to 1ook
beyond the text to meet their goals. There is a deep-rooted tradition in
the department of developing supplementary materials and, as one veteran
teacher described it, "Whenever a new text comes, we adapt our materials."

This veteran, Mr. Weston, has been csupplementing the geometry curriculum
with logic activities since the school began in 1969. With district
support during the summer, he has developed computer-related proofs to
supplement the geometry text, and he and several colleagues have been
honing the computer materials into a five-day component for each of the
geometry courses. The activities are well-conceived in their us~ of the
computer. For example, one of them challenges students to induc: a
formula for the circumference of a circle by letting the computer crunch
out the computations for the perimeters of a sequence of polygons, the
numbers of whose sides increase so they approximate the shape of a
circle. Weston sees the computer as "a way to weave geometry, algebra,
and Togic throughout the curriculum," and he is clearly inspired by that
prospect,

1 saw the computer being usnd in other contexts: in the math lab, where
16 Tow-level students worked individually with the Milliken Company's
basic skills software; in a precalculus course in which several Students




stepped to the microcomputer at the side of the room to write a brief
BASIC program to help compute some 1imits of numerical sequences. In
career math, which is a course many of the math lab students move into in
eleventh or twelfth grade, the teacher assigns her students several very
simple BASIC programs -- e.g., to change units of measure. (She also
uses calculators with them for some nroblem-solving activities). Each of

" these uses came from the teacher's own initiative. Indeed, 211 of

Taylor's computer materials are written by the mathematics teachers.

Though textbooks are chosen by a district-wide committee, Taylor teachers

ave something to say about their use. For example, they insist on using
the same texts for different levels of the same course. Thus, all levels
of geometry -- from honors down to the lowest level -- use the same text,
with the demands of the courses differing in the amount of material
covered and, to some extent, in the depth in which it iz covered. Tests,
too, are fairly standardized across levels and are developed by the teams
of teachers assigned to a particular course. I was told that the staff
avoided curving for grades and aimed as much as possible to grade on the
basis of ideas understood, even if it means that no A's are awarded for a
particular test.

During our visits to schoels in this study, we watched for any direct or
indirect expressions of high expectations to students that might bear on
the success of the programs. The firmness in the standards of Taylor's
staff, permeating all levels of courses, was one of the broadest indirect
expressions we saw in our study. In order for such firmness to work,
however, it must be balanced by careful attention to student placement,
and then to meeting the needs of students, once placed. With some slight
wavering, the balance appears t» be in place and holding in Taylor's
program. In the tenth gr2de there is one honors level, which thereafter
splits in two -- one being an AP track. There is a regular ccllege track
and, for the incoming tenth graders with the lowest skills (and some
eleventh graders), two courses are available: essential math and math
lab. I was impressed with the care and thoughtfulness of the young
teacher who teaches both of these courses. The essential math students
make use of a text, while the math lab students don't, so she is
developing her own diagnostic test to assist her in placing the students
with Tow reading skills in the math lab course.

There is wavering in the balance, however, and it comes frcm the
preponderance of black students in this Towest level -- nearly 60 percent
of black students are in those courses. Two of the black teachers I
interviewed see the problem's rcots in the junior high: "At least one
Jjunior high in the city begins tracking in the seventh grade, and many
black students are eliminated long before we get them." For the black
students who do survive, these two teachers have begun a cooperative
program with the local university's engineering school. Once a week,
about 20 black juniors and seniors meet during their lTunch hour to work
on projects such as building a microcomputer, to go on field trips, or to
listen to invited speakers -- usually black engineers. In addition,
during the summer, the university arranges summer jobs for the students
with support from one of the state's largest companies.
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To make the program work, both teachers actively recruit when the school
year begins, taking time in staff meetings to canvass other mathematics
‘teachers for sophomore candidates. They then approach the recommended
students with blandishments 1ike, "You're doing well. Why don't you come
to our next meeting." .The effort is simple and persuasive, and it
evidently pays off. A1l of the students who have stayed with the club

~ through their senior year have gone on to four-year colleges.

-

As successful as the club has been in motivating black students who show
potential, there were no blacks in the AP calculus course I observed, and
the majority still progress no higher than the lTowest track. If the
present Proposals for High School Improvement hold up, all teachers will
be evaluated on "success with females and minorities.” This should keep
the efforts at improvement alive, but those efforts will have to be
considerable.

Teachers and Teaching

The influence of the surrounding community, the firm and supportive chain
of leadership, and the imaginative curriculum all lend strength to the
mathematics program at Taylor High School, but it is the quality of
teaching in the program that makes it vibrate with excitement. And it
vibrates, rather than merely hums, because the quality has several layers
to it. The teachers are bright, with the irbrightness revealing itself
in planning, organization, and follow-through. The teachers are
enthusiastic, and they feed that enthusiasm to each other. And, lastly,
the teachers are guided by a deep sense of responsibility -- to their
students and to their own ideals -- and they reveal that quality by the
long hours they put in.

There are 13 mathematics teachers in the department (2 part-time), 5 of
whom have been on the staff for more than 10 years, 5 of whom have been
on the staff between 5 and 10 years, and 3 who joined in the past few
years. (One is a Fulbright Exchange Teacher from England.) Their
offices, which they share in pairs, all open into a central meeting area
which is decked out with bulletin boards, blackboards, shelves of bcoks
and journals, and tables. Students are free to come to this area, and
during the two days of my visit, there seemed always to be something
going on in the area -- usually students meeting with each other or with
teachers. When I remarked on the constant use of the meeting area to
Mrs. Schmidt, the department head, she beamed at my having recognized
something very important to her: "Oh, yes. We are a staff working
together toward a goal." The goal, of course, is the continued
excellence of the program, from the lTowest level to the highest level,
and the meeting area helps to keep the striving alive by making teachers
more available to students. It also allows them to nurture the spirited
collegiality I found so attractive about this group of teachers. The
area often resounded with laughter and spirited discussion, and its
bulletin board, which contained announcements, short articles, and
puzzles (put there by teachers to challenge their colleagues) seemed a
useful and well-used mechanism for communication.
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The collegiality extends beyond the meeting area as well: all teachers
within the same course work together to develop final exams. One teacher
told me: "The teachers in this department automatically put copies of
tests they use in each other's mailboxes." And the physics
teacher/computer coordinator told me that mathematics is the only
department in Taylor High School "where, within courses, things are
tightly coordinated. Each teacher {s insistent that the topics he or she
thinks are important are covered by the other teachers."

The computer has also become a vehicle for nurturing collegiality, with
the exchange of opinions, {deas, and materials it demands, but the cost
has been dear. Mrs, Schmidt acknowledged that her teachers "have
invested many additional hours preparing computer materials, grading
projects, and keeping the computer lab open for students' use after
school and at other times." The former computer coordinator, Mr. Elkins,
who pioneered the use of computers at Taylor and still teaches the
advanced computer courses, told me he spends at least two hours a night
grading programs. Mr. Weston was paid for two weeks' work during the
summer to develop his geometry computer materials; yet he estimates he
spent more than 200 hours on the project. Although the principal has
tried to alleviate some of the computer burden of the mathematics staff
by involving the physicss teacher as a coordinator, the burden and strain
remain, and they will continue to test the mettle of the mathematics
staff for some time.

The characterization of the mathematics teachers as organized and
consistent in their follow-through comes from perhaps the best source of
all on the subject -- the students. When I met with a group of them and
asked what made the math program special, they agreed unanimously that
the mathematics staff was the most organized of all in the school. A
transfer student then spoke up to contrast the Taylor teachers with the
mathematics teachers in his former high school: "Where I used to go to
schooi, we just went over our homework in class, then moved on to new
homework assignments. Here at Taylor, teachers lay things out so we can
understand them."

They can "lay things out" as well as they do because they approach
teaching very thoughtfully. The woman who teaches math lab, essential
math, and career math -- the Towest level courses -- impressed me with
her dedication, determination, but especially her resourcefulness, taking
frequent opportunities to supplement text work with calculator,
problem-solving, and computer work. The two teachers who coordinate the
extracurricular engineering program think carefully about involving black
students in mathematics. The quality in Mrs. Schmidt's teaching was
recently acknowledged offically when she was named her state's winner of
the Presidential Award as outstanding mathematics teacher. 'But the story
that sold me on the teachers' refiective approach to mathematics teaching
was related by Mr. Weston. One of his students showed his father the
logic materials developed by Weston and the other geometry teachers to
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supplement the geometry textbook. The father, a teacher of logic at the
university, found fault with the lessons and passed on his criticisms to
Weston. I asked Weston if the criticisms had been difficult to hear, if
he had wished that the father had minded his own business. He seemed
honestly put off by the question: "Oh, no. We took the criticism very
seriously and anaiyzed our materials to see if the criticism was valid.
It was, and we made changes. We actually were grateful for the help."
Here, 1 realized, is the essence of confident and reflective teaching:
the ability to listen to, analyze, and use a critic's suggestions.

The enthusiastic teaching and the preparation, organization and
thoughtfulness I observed among Taylor's mathematics teachers were all
first rate, but there was one gap, one level of excellence they have yet
to reach. I saw little of the kind of higher order classroom
interactions we observed at such schools as Trinity High School and East
High School -- the approach to teaching that aspires to developing
mathematical thinking as well as inspiring the learning of mathematics;
the classroom questioning that challenges students to analyze their own
thinking, refine their explanations, and ask good questions. These were
generally missing at Taylor, but they constitute a perspective and a set
of skills that are easily within the reach of the Taylor teachers I met.
Perhaps they 1ie on the next plateau of excellence toward which they will
push the program.

Summary

Taylor High School is proving that innovation and success can proceed
hand in hand. Their success in mathematics has a bit of the traditional
in it -- namely, high AP Calculus test scores and a high percentage of
students in mathematic courses; it has a bit of the nontraditional in it
as well -- an innovative plan for computer use and a supplementary
program to attract black students to technological majors in college.
Underlying the program's excellence are a staff that is extraordinarily
refiective in its approaches to teaching and curriculum design, and a
chain of leadership that makes excellent use of the conscientious and
energetic staff, taking pains that they be involved in decisions about
the future course of mathematics education in the school and district.
given the vision and energy that drive Taylor's program, even that higher
plateaus of future course should reach excellence.
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GREELEY HIGH SCHOOL

“What makes the mathematics program so strong? The teachers -- they
have a sense of mission."

former Greeley principal, now Assistant Superintendent

In one form or another, a sense of mission seems to inspire many

- Successful mathematics programs. It certainly was not uncommon among the
28 schools we visited in our study. It would be difficult, however, to
point to a program whose sense of mission is more idealistic and intense
than at Greeley High School.

Greeley has bzen designed to provide excellence with equity, not just in
the hollow, hopeful tones of most program designs, but with clearly
delineated standards. In the duality of the goal, it seems an especially
American experiment; at least it is difficult to imagine another
country's educationa! system supporting the struggles and risks that have
shaped the first few years of Greeley's existence.

Background

Greeley is located in a large Midwestern city (popuiation approximately
600,000). Six years ago, the courts ordered the city to make efforts
toward school desegregation. In response, the district decided to set up
a series ¢f magnet schools -- including Greeley High School as the
designated "high school for the college bound." Before the
transformation, Greeley had been aliost entirely a minority school, with
the worst reputation in the district for crime, drugs, and disruption.
As a special school, Greeley was completely transformed. The staff and
students were transferred out, unless they qualified for the new Greeley
and wanted to stay. For staff, the requirement for staying was a
master's degree in the subject area being taught or 15 hours beyond a
bachelor's degree, including a subject area research course. Students
were required to have a C average, and the racial mixture of the student
g?pulation was set to match the city's -- approximately 60% white, 40%
ack.

With the luxury of a clean slate, the designs of the new Greeley High
School were ambitious in laying down their expectations and standards,
and they have been tenacious in holding onto ‘hem. From the start, the
staff has aimed to qualify 90 percent of the school's graduates for
college, and they continue to meet their goal. Attendance, carefully
moni tored, has been an ongoing measure of success, and the average daily
attendance is 95 percent. Academic standairds were raised above those of
other high scheols in Greeley's district. For example, students are
required to take a minimum of two years of mathematics, and are required
to begin with algebra, unless they have had it before they enter -Greeley.




The commitment to the city has been strong; as Greeley has become
popular, the suburbs have been allowed to account for no more than 10
percent of the students accepted. No such limit on students was
necessary in the first year, however, when both city and suburbs were
chary of the new special school and its sense of mission. The first
principal -- now assistant superintendent -- advertised, hustled, and
cajoled, spending evenings, along with his staff members, at neighborhood
meetings throughout the city to convince wary parents that enrolling
their children in Greeley was worth the risk. The school started small;

. .since then, the growth has been rapid. From a first group which numbered

Just under 300, the school has grown yearly to 530, then 700, 830, 900,
and finally to 1,100. The original goal for the school was 1,000; so
size, with all of its challenges to teachers and administrators, has
suddenly become an issue at Greeley High School.

Early on, when the agenda for change was still taking shape, the school
decided to adopt the Geneva-based International Baccalaureate (IB3)
progra™, which allows juniors and seniors to earn credentials for college
course credit or advanced placement at universities. Greeley's
mathematics department has designed its precalculus, calculus, and
advanced topics courses according to 1B stanagards. There are three
levels of IB exams, and the numbers of Greeley students taking one of tne
mathematics exams have been increasing. In 1983, 25 took one of the
mathematics exams; 30 took a computer studies exam. This year, the staff
expects 50 students to take one of the mathematics exams and about 25 or
30 to take the computer exam. Adoption of the IB program was but one
manifestation of the daring that inspired the transformation of Greeley
High School. In mathematics, at least, the adoption has not been without
problems as we shall see, but the increasing enthusiasm of the students
for advanced college placement speaks well for risks taken.

We were attracted to Greeley by the daring in their experiment as well as
by their accomplishments. On the so-called Subsidiary Level of the IB
mathematics exams, the exam most frequently taken by Greeley students,
the Greeley average in the past two years was about 4.7 {out of a
possible 7); the international average was about 4.2. Furthermore, the
1983 average of the 8 Greeley students who took exams at the other 2
levels was 6.0, well above the international average. In addition
Greeley's student interest in extracurricular mathematics activities has
been high, and Greeley's contest achievements have been impressive.

Two site visitors spent two and one half days at Greeley, and this
penchant for forging ahead, taking some risks, and aiming for ideals
seemed to us the most exciting aspect of the mathematics program, and
indeed, of the entire school program. The commitment to equity, the
endorsement of a “nothing lower than algebra" curriculum, the embracing
of the IB program, the plunge intc new computer competitions and a welter
of mathematics competitions, all seemed very exciting, especially in
light of the record of success.

137

R A ¥ I D N S




A specialized school like Greeley is bound to have several strong
departments, but the mathematics department there seems to stand out.
The principal noted that, in what he described as a "very strong
teachers' union town," the mathematics people seem to stay later than
others to help students. ("I never see a math person leave at 2:45, the
time beyond which we can't make them stay.”) The coordinator of the IB
program told us, “Of all the departments, mathematics has come the
closest to meeting the needs of the gifted.” The assistant principal,
who handles scheduling, reported that "the requests for increased

- -mathematics courses and staff members have-been one quarter higher than
in other departments." :

From the first years of trying to sell the school idea to the community,
the mathematics department and, indeed the whole school, have cultivated
parent contact carefully. A Parent Day took place during our visit and
we were 2ble to observe interactions and to interview parents. The
school uses a clever strategy -- having parents come in to pick up report
cards. Artificial though the strategy is, the school makes full use of
it to build parent-teacher communication. The entire staff -- teachers,
guidance staff, and administrators -- seat themselves throughout the
cafeteria and a steady stream of parents sit and talk with them. Despite
the daytime scheduling, the turnout is very impressive and, as we watched
them, the conversations seemed long and substantial. Last year, with
just over 900 students in the school, 800 parents showed up for at least
one Parent Day including many with children in trouble with grades, a
noteworthy accomplishment in our eyes since we were chagrined to see
parent contact at many schools in our study weighted heavily at the
sucessful end of the student spectrum. At Greeley, if any special
contact is needed later on, the bridge has been established. For
example, when asked about any efforts toward ensuring minority success in
the IB courses, the principal described how he had recently been on the
phone with the mother of one minority student who was late in submitting
an IB essay. He and the mother established guidelines for seeing the
student through the task -- the principal to watch the guidelines at
school, the mother to watch them at home.

Despite its special history and the care taken in its development,
Greeley High School was for us another example of a successful school
struggling for support within a large urban school system. We had noted
in other city programs in our study that success can seem a liability in
a system whera large-scale politics control decisions, and where
politically savvy administrators are disinclined to favor one school or
program over another. In that kind of environment, successful schools
and programs often earn little more than benign neglect; compliments flow
freely, but real support flows to the schools and programs that need
shoring up. The situation in Greeley's district is not quite so dire,
but administrative support for the school, and the mathematics program in
particular, is mixed. As described above, the school could not have
gotten off the ground without the salesmanship and leadership of the

«
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original principal, who now supports the program from his position as
assistant superintendent. Also, after the district conducted a recent
survey of mathematics teachers throughout the city, a set of
recommendations was made, several of which are consistent with the goals
of Greeley's mathematics program -- in particular, training in effective
teaching models, such as the Missouri Mathematics Effectiveness Project,
and allocations of overtime pay for teacher-sponsors of student
participation in mathematics extracurricular activities.

- -Real financial support, however, lags behind ideals and recommendations.
Although a concession was made by the district in allowing small I8
classes, there is a strong commitment not to treat Greeley differentiy
from other schools. That means, in particular, that the mathematics
department proceeds on a very skimpy budget. (Little money is available
for materials, and students buy their own textbooks.) The department
head reported having to do some arm-twisting with the principal during
this year's budgetary wrangle to make sure that computer supplies were
not drawn from her budget. The school itself seems to have done little
courting of support beyond the district office. Though several
administrators and teachers agreed with us that two large nearby
universities could be easily tapped for tutorial help and supplementary
programs, especially now that Greeley has expanded beyond the original
goal of 1,000 students, we sensed no real desire to use the universities
in this way. In light of the growing alarm among the mathematics
teachers that many incoming students are being poorly served in large
algebra I classes, we found the hesitation curious, if not a bit
unsettling.

Leadership

In the context of our study, there are two kinds of leadership: the
leadership that defines the standards of excellence in mathematics
education and charts the course for attaining it, and the leadership that
holds the course and cultivates the team effort that is essential for
continued excellence and improvement. Often, as is the case at Greeley
High School, the leader or leaders of the second type are different from
the leader in the first type. In Greeley's case, Mr. Atkins, the former
principal and now Assistant Superintendent, took complete charge of the
school's destiny in the first few years. By his own description, he left
a deep impression all the way down to the classroom: “I was so damned
autocratic, I gave teachers a format for class instruction and told them
this was the way I expected them to teach. First thing every day, they
were to review what was done the previous day. Next, I wanted them to
outline for the class what was going to be done that day. Then they were
to teach the lessor, summarize, and give a homework assignment. I wanted
them to allow plenty of time to talk about the assignment, but absolutely
no homework was to be done in class. I required each teacher to have a
lesson plan and bring it to me when I visited his or her classroom. I
came on very strong to teachers, but we were under presure to make the
school a success." .
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Now that the school is perceived as a success, and the individual
departments have been able to mature in that success, the current
principal, Mr. Jackson, is inclined to trust the departments to maintain
their own standards of success. His own involvement in Greeley's
classroom activities is embodied in good part in his commitment to
building student questioning skills: “It takes time for some teachers who
transfer to Greeley not to interpret student questions as disrespectful.
However, I keep telling kids that there is no question too stupid to ask."

- -Much of Jackson's attention goes to cultivating the image of the school
in the community, for despite its record of excellence, the school
continues to be scrutinized for its efforts at equity. "I tell my staff
to be very careful about bringing non-integrated groups outside of
school. I took a Tot of flak recently for a non-integrated math team
that represented us in a tournament".

At first glance, the stamp cf leadership within the mathematics
department is not evident. Indeed, after a few interviews i{ seemed to
us the department was run as a cohesive group effort. Eight teachers are
involved in mathematics team activities; they discuss courses together,
and they even socialize together. And yet, as our visit progressed it
became apparent that the cohesiveness and vibrance we noted in the
mathematics department are due in good part to the efforts of Mrs.
Wallace, the woman who has been department head since the year ofter the
school's transformation. There are some direct measures such as the
monthly meetings and her ensuring that honors courses are rotated amoung
staff members, but her leadership can be best characterized by a subtle
fostering of trust and mutual respect among the members of the department.

Mrs. Wallace has become an enthusiastic proponent of the IB program,
sharing the teaching of the IB precalculus, calculus, and advanced topics
with another woman in the department, Mrs. Ramirez. By their own
testimony, both have had to work very hard to prepare themselves for the
IB curriculum, especially advanced topics. "For awhile, we were learning
along with the students," says Mrs. Ramirez. Both women have also stayed
tuned to the issues of mathematics avoidance and anxiety, with one or the
other teaching honors algebra each year as a means of identifying and
encouraging mathematically talernted young women. In addition, Mrs.
Wallace completed a mathematics anxiety and avoidance project for the
district, resulting in a set of guidelines for classroom mathematics
instruction.

We have noticed that teamwork, a partnership of professionals working
together, seems to be an essential part of many exemplary mathematics
programs. Often hidden in the team process are the quiet efforts of the
department head to create and maintain an environment in which teachers
are both challenged and able to act in a professional manner. In her
conversations with us and in the interactions in which we observed her,
Mrs. Wallace showed warm regard and genuine respect for her staff
members, and she obviously valued their opinions in both formal and
informal departmental meetings.
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Curriculum and Implementation

Given his looming presence in the design of Greeley, Mr. Atkins obviously
left his stamp on the curriculum adopted for the school, yet he credits
the staff with the bulk of its formation: “We gave the staff members no
free time to develop the curriculum, but they did it." We noticed
elsewhere that staff members' sense of ownership of curricula often goes
hand in hand with excellence, and that process apparently helped to bring
. -Greeley quickly to success.

At the upper end of the curriculum, as we've noted, the staff chose to
design courses according to the International Baccalaureate model. In
mathematics that model begins with precalculus, but the department staff
members have committed themselves to the goal of informing the entire
curriculum with the IB spirit, which takes shape in the following goals:

¢ to develop in students an understanding of mathematics as a
discipline

e to develop in students attitudes favorable to later use of
mathematics

e to develop in students the ability to Tearn mathematics on their own

¢ to encourage students lacking confidence in their own knowledge.

Greeley's record in attracting students to higher mathematics courses has
not been as numerically impressive as the records of some other schools,
but in Tight of its commitment to keeping a 40 percent minority
enrollment, and in light of the 2 to 1 female to male enroliment in the
schnols, the record is impressive enough. Eighty percent of Greeley
students take a third year of mathematics and nearly seventy percent take
a fourth year. There are no non-academic mathematics courses in the
curriculum, so the courses represented in these numbers are advanced
algebra, precalculus, calculus, and advanced topics.

As surely as Greeley thrives because of its ideals and sense of mission,
it also faces problems because of them. For example, the rapid growth of
the school, combined with the commitment to the 60-40 racial mix, have
led to a mild crisis in algebra I. With over 50 feeder schools, about
one third of them private schools, Greeley has little control over the
quality of prealgebra training. In another manifestation of the plight
of urban programs caught in the politics as well as the large size of
city systems, the gui-dance staff conceded that they know which feeder
schools have the highest success rate for their graduates in Greeley's
algebra 1 course, but they feel powerless to capitalize on the
information. Instead, they are left with only one option, to recommend
to incoming freshmen that they take a summer school prealgebra course.
Compounding the problem further is the district's procedure for admitting
students. If an applicant has a C average o better, he or she is placed
in a pool according to race. There follows a lottery -- actually tws,
one black, one white -- by which students are selected according to the
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appropriate racial ratio. As the school grows, this procedure makes the
mathematics department's task increasingly tougher, for while the large
number of feeder schools make diagnosis for course placement in algebra I
impossible, the school's commitment to high standards seems to have
legislated against having a very active remediation program. High
standards and remediation needn't be in conflict, but we didn't note any
strong efforts to start such a program. Teachers regretted the
termination of a federally-funded remedial resource center and wished
that district funding could revive it. The assistant superintendent saw

- -Tittle chance of such funding, and remarked that it was his impression
that Greeley was not doing enough to engage the help of local university
students or to create a workable peer tutoring program. In the meantime,
approximately 30 percent of Greeley students fail to pass alegebra I on
their first try. No matter what form it takes, it was our impression
that treeley's mathematics department eventually will have to face the
task of designing some kind of organized remediation if they are to keep
their standards high.

Another detrimental consequence of rapid growth has been what teachers
described as the “growing gap" between the honors and regular tracks,
that it has become, for example, very difficult for regular track
students to succeed in precalculus, which is taught as an IB course.
Since only about 30 percent of the students are in honors courses, the
majority of Greeley students are left, despite the school ideals about
exceiling, with few real options for advancement. Both the department
head and the principal brought the problem to our attention, each
identifying the move from advanced mathematics to precalculus as the weak
link, so the option for Greeley's non-honors students may increase soon.

The school and mathematics department have employed several other
strategies to ensure that the progrem moves ahead. Risk-taking is one of
them. Despite its unexceptional computer setup (11 Apples in a rocm
supervised by an aide, a computer concepts course and an IB computer
course in Pascal), Greeley has forged ahead in computer competitions as
it has forged ahead in other endeavors. Last year the school placed
first in the Future Problem Solving Contest on Computers and entered 30
students in the first IB Computer Exam. (A total of 70 students took the
exam internationally.)

Another strategy is to stay firm with students (and staff) on
expectations. At least a half hour of mathematics homework per night is
expected. And no student is allowed to drop from honors until he or she
spends at least a half hour twice a week with a teacher outside of class
to shore up whatever weak spots exist in the student's struggle with the
honors curriculum.

Teachers and Teaching

Staff qualifications comprise an obvious strength of the Greeley
mathematics department. There are 10 fulltime mathematics teachers and 1
combined science-mathematics teacher. Although they are a relatively




young group (average age in the 30s), the minimum amount of teaching
experience is 12 years. Three have taught at tie junior high level and
all but one of the eleven have taught at the college level (in the
evenings).

In our staff interviews we were struck by how much the teachers ali
relished being at Greeley where, in the words of one, "we can concentrate
on pedagogy and content, not discipline.” Those who were among the
original staff members when Greeley was transformed five years ago told

- -of the ridicule they faced from colleagues throughout the district for
taking part in such a risky venture. All of the mathematics teachers
talked of the open envy of those same colleagues now that Greeley has
become a success.

They are a proud group of teachers, and they seem to have turned that
pride into a healthy tool for maintaining good communication among
themselves and for holding high standards in the program. The staff
meets at least once a month with the department head; they socialize
quite a bit outside of school (conversations during a couple of our
lunches with them were testimony to this); those who teach different
sections of the same course plan together informally; and all take part
in student mathematics extracurricular activities. Together they are
facing the problems related to the school's rapid growth, and shortly
before we arrived they had voted as a group not to "water down" their
advanced algebra-trigonometry course, despite the difficulties
experienced by a growing number of students. Refusing to bend will
create its own set of problems for the department, but in making their
decision the staff took two steps that enriched their own investment in
the excellence of their program; they reanalyzed and redefined their
standards, and they did it together. Careful evaluation and teachers'
ownership are cement for exemplary programs.

Both the principal and the staff members seem to have defined carefully
how mathematics ought to be taught at Greeley High School. The idea
about teaching style and classroom questions seemed a bit tarnished,
despite the principal's advocacy and the teachers' intentions. In all
the classes we observed, teachers made full use of the time available and
kept students on task. As in other exemplary programs we visited, the
teachers maintained a giving attitude and risk-free environment in their
classrooms. But only in several of the IB classes did we see much
student questioning and prolonged student-teacher interactions. Even in
an honors algebra I class, students quietly took notes and spoke only
when spoken to. Furthermore, though this may be a luxury unreasonable to
expect in a school struggling with change as Greeley is, we saw little of
the in-class coaching and open expression of high expectations in
teacher-student interactions that we saw in other schools.

The involvement of Greeley staff and students in mathematical activities

outside of the classroom is impressive. A1l of the ten fulltime
mathematics teachers participate in contest preparation and activities.
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During the 1982-83 school year, there were 82 students in the Math Track
Club (whose name arises from the criteria used to award letters, similar
to the criteria used by track clubs), and they participated in 25
mathematics contests during the year.

Summary

Among the joys we derived from visiting exemplary mathematics programs
are the touching visual memories and tales of heroic endeavors which,

- -while not bearing directly on the mathematics programs, help to define
the environments in which they thrive. At Greeley, we watched the
principal beam as he unfurled the Banner of Excellence just awarded to
the school by Secretary of Education Terrel Bell. Moved deeply, we
listened to him relate the story of the anonymous staff member who
donated $300 to cover college tuition costs for a gifted student who had
exhausted Greeley's mathematics courses. We shared ir the genuine
enthusiam of the guidance counselor we interviewed, a veteran Greeley
staff member who had coached wrestling and football before the
transformation, as he informed us that never had participation and
interest in athletics at Greeley been so high as now, and that he and
other staff members found themselves forcing students to leave the
building in the evening, so eager are they to spend time with each other.

areeley High School was born from ideals and thrives on innovations and a
sense of mission. Partly because the school has been successful and is
growing so quickly, reality is rapidly catching up to the ideals.

Despite the sense of mission, the school remains a big city school with
all the attendant problems -- tight budget, a sense of distance from the
top levels of the district administration, and the intrusion of politics
into education. Through it all, the mathematics department has an
enthusiastic, engaging, talented, and industrious group of teachers, and
for us it was one of the most exciting programs we visited.

o
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JACKSON HIGH SCHOOL

“Every community has a ronsiderable number of gifted students, and
very few communities have any honest programs for these gifted
students. We are addressing an important national need."

- - Mathematics department head, Jackson High School

Background

Jackson High School is a small school for talented students with a
tradition of excellence reflected in its alumni rolls, a list which
boasts a couple of Nobel Prize winners and several famous authors. Ii is
also a school in transition, and the strain of transition could undermine
some of the qualities that have made it shine -- in particular, the
exemplary mathematics program which drew us there for a visit.

Originally designed to be part of the college of education of a large
Midwestern state university -- a laboratory gifted school for the
training of teachers and the implementation of new ideas and new methods
-- Jackson became semi-detached from the university several years ago.

It is no longer part of the college of education, yet the university
still maintains some control over the school. Indeed, a university
faculty committee has spearheaded the program to give the school a new
footing and new direction. A university mathematics professor has been
named to be interim director on a half-time basis. Now financially
independent from the university, the school has been able to pick up
sixty percent of its operating budget from the state (a set-aside fund
for laboratory schools). There is no tuition, so many parents have
chipped in with donations (the norm is $1000 per family) and thirty
percent of the operating budget has been covered in this way. The
remaining ten percent is “scraped together," in the words of a parent,
and the university helps with the building overhead. The distribution of
these numbers speaks to the sense of some dislocation among its staff and
supporters as Jackson restructures jtself. It is a time during which
staff, parents, and university faculty are asking basic questions about
the school: Do we stress acceleration over depth in our curriculum? Are
we doing as much as we can to identify those students who require a
slower pace and more direction? The nature of the questions is healthy;
unfortunately, the processes used to generate and deal with them have not
always been as healthy. Some of the university people and parents have
been calling for changes and, at least in mathematics (the only program
we visited), there are fears that their gains and the philosophy behind
the gains will be jeopardized by the calls for change.



The Students

Jackson High School actually begins at the seventh grade and runs through
the twelfth grade. The eighth grade is omitted, however, since it is
felt that enough is covered in the seventh grade to consider the second
year of the school the ninth grade. The students come to Jackson
typically three years ahead of their peers throughout the county. Until
recently, they have been accepted on the basis of a school-developed
entrance exam, but the school has found this unsuitable for non-English
speaking applicants, and so is moving to a nationally standardized test.

By one teacher's estimate, about two-thirds of the students come from
families where at least one parent is a university faculty member or is
of similar professional standing -- doctors, lawyers, and so on. The
school itself shows no special privilege, housed as it is in a brick and
stone structure that would satisfy anyone's set of criteria for "the
typical American school building." In part because the school underplays
its role in keeping order and setting discipline, the student body as a
whole seems almost undisciplined in its energy -- shouting and wrestling
in the hallways between classes, joking in classes, especially in their
opening moments. But these first impraessions belie the real
accomplishments of these youngsters and how seriously they take them. A
closer listening in the hallways reveals how competitive many of the
students are, reflected in the numerous conversations we picked up which
centered on comparisions of test gradaes. And the mother of two students
remarked, "It's a joy to hear so many intellectual conversations in the
hallwayﬁ. My daughters could never get that in the local public high
school.

Interviews with a school graduate (now a computer science major in the
neighboring university) and with four current students (one of whom was
taking an advanced mathematics course in the university) provided a
special student portrait of Jackson and, in particular, of its
mathematics program. According to them, the school enables them to
succeed because of:

o its small classes

o the accessibility of teachers outside of class. {(one student: "This
is the way we get known by them -- they find out what we know, what
we don't know.")

o the opportunities for extra projects beyond the tests and classwork,
with the extra credit and attention which these entail

o the fact that the teachers "notice what we say"

o the fact that the teachers “"want to teach"
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The two students taking university mathematics courses added one factor
(in separate interviews) -- the consistent stress of the teachers on
understanding the concepts involved and the parallel undervaluing of
memorization of mathematical facts. Said one, "We learned how to
reconstruct formulas if we forgot them, and I can still do that. I don't
like it that in the university courses all that seems to matter is
whether you can remember the material on the tests." Later, he
fdentified another feature of the Jackson program that was significant
for him: “In the courses at Jackson, there is a lot of tying of
mathematics to the real world and a lot of tying together of mathematical
concepts -- 1ike in geometry, where we saw some of the same concepts
approached through plane geometry and through vectors. Even the tests
challenged us to make these connections."

Curriculum and Implementation

This emphasis on understanding mathematics, as opposed to merely being
able to use it, is one of the distinctive features of the program. It is
a pedagogical principle often preached in this country, but 1t is hard to
imagine a more thorough or consistent attempt to put it into practice
than that observed at Jackson. It is the bedrock of the curriculum put
together by Biil Brooks, the head and guiding spirit of Jackson's
mathematics program. As the students quoted above implied, Brooks and
the other teachers place minimal value on students' being able to
regurgitate memorized material and they avoid an algorithmic approach to
teaching mathematics; instead, they place a premium on students' taking
the time to reconstruct formulas and other constructs on the basis of
understanding. In the words of Brooks, “We work for a deeper
understanding of key concepts, and for more comprehension of the
heuristic planning that ought to guide many decisions during the process
of analyzing a problem."

The central role given to understanding implies another distinctive
feature of this program -- use of time. Again, the words of Brooks: "We
have based our notion of use of time on the belief that ordinary
curricula squander time on easy topics. We try not to. Instead, at any
point a class will take time to review a topic, or to look at it more
deeply, or to look at it in more minute detail, if that seems
appropriate.” As an example, he mentioned that logarithms are typically
approached in four different ways in order to heighten understanding. He
tells the other teachers to rely on their instincts and to "use your time
where you need it."

Though the philosophy of teaching for understanding and of using time as
an ally in this process extend throughout the curriculum, it finds its
richest manifestation in calculus. The syllabus for calculus has been .
carefully deveioped over a nine-year period to take advantage of the fact
that many Jackson students take calculus beginning in their junior year
(and thus time becomes a luxury for the teacher) and of observations made
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over that period of time of strengths and weaknesses evinced by the
students in the calculus courses. It is an innovative course, mainly
developed by Brooks, which begins, not with the notion of differentiation
but with integration -- in particular, as it represents the work done in
compressing a spring. From the posing of that initial work problem,
students are led into a view and appreciation of calculus that few other
students in this country get. It is a challenging regimen, as evidenced
by Brooks' statement about the homework policy espoused in the course:
"We use small, bite-sized tas:s only occasionally -- to avoid allowing
students to succeed in doing homework without thinking about jt."
Instead, students are assigned problems which require time and thought to
solve, and which often connect the mathematics to the real world in
imaginative and memorable ways. During our interview, the program
graduate now in the university was able to recall one such problem, word
for word, even though it has been four years since it had been assigned.

Jackson's teachers have found that not all of their students dispiay
exceptional proficiency in mathematics. Therefore, they try to maintain
a two-track program. Again, the words of Books: "Past experience has
demonstrated that those students who are mathematically gifted usually
reveal themselves early in the seventh grade. This is nct a matter of
opinion, but of fact. Consequently, we try to begin the two-track
program before the end of the seventh grade.

"For the faster track, the curriculum consists of algebra in grade seven;
more advanced algebra, including trigonometry, in grade nine; geometry in
grade ten; and calculus in grades eleven and twelve. A few students
sometimes take one or more math-related courses in addition to this, such
as the course in finite mathematics, university courses in computer
science, or university courses in mathematics, physics, or chemistry.

"For the alternative track, the seventh-grade program is also algebra,
but -- from the time when a separation is made -- the pace of the course
is somewhat slower. The ninth-grade course is again similar, but with a
slower pace. Grade ten is devoted to geometry. Grade eleven is a
precalculus course that reviews and extends the work in algebra,
geometry, and trigonometry. In grade twelve, students may begin calculus
(if they appear to be ready), or may take finite mathematics.”

Obviously the design of the two-track system has drawn careful and
imaginative thinking. Does it work? Unfortunately, no, and therein lies
one of the more harmful repercussions of the school's rocky period of
transition. The two-tracked system has been thwarted by scheduling
conflicts in the past few years ("the tail that wags the dog," complains
Brooks), fed in part by the school's ambitious foreign language program,
which have forced the department to group the students rather
heterogeneously. The process of redirecting the school in the past few
years has only served to cloud the tracking system even further. The .
teachers lavish individual attention on tae students outside of class,
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but still the disparity between those who are catching on quickly and
those who are not is evident to Brooks and the other teachers, and yet
they don't see any easy way to enforce the two-track system.

In general, the curriculum with calculus as its centerpiece, is
innovative, ambitious, and, to mind, inspiring. Primarily, its
development is the work of one man, Brooks, though the other teachers all
sexmed comfortable working with it. The support of the new
administration for the mathematics curriculum, insofar as it is there at
all, is muted, and the possibility that changes will be requested (the
feasibility of changes in the approach to algebra and the inclusion of a
separate course in analytic geometry have been discussed in committee
meetings) cast a dark cloud over the program at the time of our visit.

Leadership

Jackson's mathematics program is weathering the school's period of
transition, but the turbulence is having a greater effect than it might
if the leadership were more focused and forceful. Decisions about tne
program can emanate from at least five sources. The school's new
half-time director controls the academic life of the school; its
principal handles scheduling; a university faculty committee has assumed
the task of making curriculum recommendations; for the past decade,
Brooks has sustained the development of the program with its distinctive
emphases on understanding and coaching; and, finally, many of the
managerial responsibilities, such as teacher supervision, have been
delegated by Brooks to a five-year veteran of the program, Paul McGregor.

In this leadership melange, differences of opinion about the mathematics
program have begun to show up. The new director apparently leans toward
a more defined, more challenging, and more frequently used testing
program. Brooks and McGregor, on the other hand, are chary about being
drawn toward a program "whose value is defined by the difficulty of its
tests.” The director and faculty committee -- distressed at the near
breakdown of the two-track system -- have indicated a desire for a
separate analytic geometry course in the curriculum which could soften
the transition to calculus for the less talented students. For his part,
Brooks questions the wisdom in the suggestion, maintaining that no-one is
yet sure of the nature of the difficulties being experienced by these
students, and that the failure of the two-track system is due in large
measure to the school's scheduling problems.

Both Brooks and McGregor are uncomfortable with the task of teacher
supervision -- by their own admission -- with McGregor reluctantly
assuming the responsibility. The faculty committee promised to help out
with class observations, but that promise had not been fulfilled at the
time of my visit. And, as far as the training of new teachers goes,.
money available for summer training has dried up, and there were no signs
of any efforts to raise more.
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Thus, the mathematics program at Jackson appears to have been made more
vulnerable by a rather disjointed leadership structure. If the
communication within that structure improves, then the differences of
opinion can lead to a heclthy annealing of the program within the larger
framework of the school. If it doesn't improve, then the program will
continue on its fragile course.

There is an irony in this situation that warrants mention. In the sense
of visionary leadership -- having an ideal and inducing colleagues to
share it and work toward it -- Brooks's leadership is outstanding.
Indeed, it is his adherence to his vision that renders him unbending in
the face of outside criticism or the suspicion that he will be asked to
make substantial changes. His vision is a mathematics curriculum based
entirely on student understanding -~ both of mathematical content and of
problem-solving heuristics. Just as several writing educators (e.g.,
Nancie Atwell and Tom Newkirk) advocate the creation of “the literate
environment," a place where people read, write, and talk about reading
and writing, so does Brooks seem to envision a mathematical environment
where people think and talk about mathematics, and look for its presence
in unanticipated settings.

Teachers and Teaching

At the time of our site visit, there were four teachers in the program:
Brooks, who has been there for eleven years; Paul McGregor, who has been
there for five years; a three-year member of the department, who was
preparing to move back to England; and a teacher who was ir his first
year in the program. Replacing teachers at Jackson is no simple task.
Not only does the demanding curriculum call for bright and committed
people to teach it, but the teachers are underpaid, earning about
two-thirds of what beginners get in the local public schools.
Furthermore, the salary struct..e, as inherited from the days of being
tied to the university, offers no system of seniority ~- all
mast~r's-degreed teachers make the same salary, no matter how long they
have been at the school.

Furthermore, money that used to support summer training for new teachers
is no longer available, and the first-year teacher has been left with
detailed course syllabi, occasional class visits from McGregor, and the
opportunity to observe other teachers teaching. During our site visit,
he was quite open about his lack of confidence in teaching a beginning
calculus section, but equally clear about the growth of his process
skills: “I'm learning that what you need to do to motivate these kids is
to keep asking questions 1ike, 'Okay, now what do you think about this?'
Get them active and they start learning." The office configuration of
the teachers adds to his chance to pick up, however casually, the
teaching skills necessary to succeed with this challenging curriculum and
with these challenging students. They are all located togetner on the
first floor of a house that abuts the school, with no doors separating
one teacner from another.
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It is there, as the students noted, that much of the individual attention
is gained. McGregor, especially, seemed generous with his office time,
letting students linger, singly or in groups, even when the topic of
conversation had drifted far from mathematics. Both he and Brooks are
not completely comfortable with the looseness and lack of control over
the office interactions. As Brooks put it, "Even when the topic of
conversation in these office visits is mathematics, it seems wasteful to
go over the same things again and again. It's hard to tell whether the
need being expressed is cognitive or emotional. If it's emotional, then
concentrating on the content would seem to do 1ittle good."

Recognizing and responding appropriately to the emotional needs of these
gifted and talented students constitute what seems to be a weak feature
of this program (and perhaps the school). The affective is not ignored
or undervalued -- that is not the problem. Indeed, Brooks has taken
pains to make coaching a distinctive feature of the program's teaching.
An example from his calculus class: "Those of you who are still having
trouble with this -- about half of you -- find someone in the class to
work with you on it for the next ten minutes." More generally, the
pervasive strategy of expecting students to rederive formulas and to
reconstruct their understanding of concepts has an essential component of
coaching to it. (The implied message is: "You don't need to memorize
that. You can figure it out.")

But even the coaching is tied to cognitive goals. When it comes to
responding to the students' emotional needs that are peripheral to their
cognitive needs, however, the staff seems to lack conviction or a sense
of direction. Admittedly, this is an area in which mathematics teachers
have little training or expertise, but the emotional and behavioral needs
of gifted youngsters are often closely aligned with their cognitive needs
and, just as often, they call for adult intervention. For example,
sarcastic comments from students were rampant in several observed
mathematics classes at Jackson, some of them seemingly harmless, others
potentially hurtful to the students on the receiving end. In some of
these observed interactions, the behavior was doubly disturbing because
they concerned comparisons of test grades. Neither teachers nor students
allowed the interactions to distract much from the business of learning
mathematics, but the behavior seemed antisocial enough to warrant adult
intervention. 0ddly, this phenomenon appeared in observations of upper
Tevel courses; the British teacher observed in the seventh-grade class
showed a typically British intolerance of such antisocial behavior in the
classroom; indeed, she kept all destructive behavior to a minimum.

In the end, however, the words of the students stand as proof of thoir
devotion to the teachers and to the teachers' deep concern for their
welfare. They sense that these four people "want to teach" and that-they
"notice what we say.” They also are grateful for the respect for them
expressed in the high expectations of them as learners of mathematics
through understanding, with test performance a secondary, albeit
important, touchstone of success.

7
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THE SUMMIT SCHOOL

“There are ten or fifteen students in this school who ask the
questions a teacher lives for."
Mathematics department head, The Summit School

"The pace of work here is intense, hut the students make it

worthwhile. The other day a student came in to wmy office, we talked

for an hour or so, and I felt recharged for another two months."
Mathematics teacher, The Summit School

"The key to the success of the mathematics program is the dedication
ana total commitment of the teachers, and their striving to meet the
needs of the kids. It is an environment where the teachers are given
the freedom to be creative and innovative, but also the freedom to
burn themselves out."

Dean, The Summit School

The buildings that now house The Summit School used to house a state
hospital. Acres of space and stately oaks still suggest the restfulness
of a hospital but, in doing so, they belie the environment within.
Whatever peace and tranquility used to reign in the hospital‘s rooms and
hallways are gcne, replaced by an intellectual energy that seems both
pervasive and neverending. Teachers and students thrive on the energy
and on their contact with each other; and because Sumit is a boarding
school with teachers who 1og long workdays, that contact is extensive.

In design The Summit School is unlike any other school in the country.
Its students are drawn from across the state to spend their eleventh and
twel fth grades at Summit. They are talented in mathematics and science,
and they are carefully screened for their willingness and ability to work
as hard as this school demands.

Because of the special nature of the school, one of our challenges was to
uncover anything about the excell nce in Summit's mathematics program
that might export to other schools  Since the school has existed only
for four years, the mathematics staff is unwilling to say that any of
their practices or strategies are exportable. Their caution derives from
Summit's young age, but there is also the fear that an ivory tower may be
closing around them, that they are too isolated from regular public and
private schools. We, however, saw some things -- curriculum decisions,
teaching strategies, communication patterns -- that we believe can be
used by other schools.

The Summit School has received more national attention than perhaps any
other secondary school in American history, with articles in such
publications as The Christian Science Monitor and The Wall Street -
Journal. The school s so young and experimental that its teachers and

adninistrators run the danger of wilting in the spotlight or of tripping
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over the footlights. The ivory~tower fear is worth tracking in the
coming years, as is the trend we noted among the school's administrators
to be more outward-looking -- for funding and consultation -- than
inward-looking to the needs of their teachers and students.

- No matter what course Summit's story might take in future years, for the

time being the school pulsates with an intellectual energy that can drown
out any fears or criticism. It is also an energy that envelopes anyone
drawn near it, witness our experience as site visitors. There were two
of us who visited Summit for the study, and when we let it be known that
we would 1ike to interview a few students, fifteen of them appeared at 5
o'clock of our first day and kept us riveted to our chairs and notebooks
until 7 o'clock. Like the teacher quoted above, we left the school
recharged, and feeling that we were witnessing something very special in
American mathematical education.

Back ground

The Summit School began in 1980, with the special support and funding by
the state governor's office, as a statewide school for eleventh and

twel fth graders deemed talented in mathematics and science. The
approximately 400 students -- carefully chosen to represent a
cross-sampling of the state's population -- live at the school and are
completely subsidized for tuition, room, and board. The program's cost
has not been cheap: state coffers provide 3.5 million dollars a year.
(Ninety percent of the operating budget is state-financed.) To offset
the cost to the state, the school's development office has raised more
than 7 million dollars from private sources, many of them companies
regresented in the technologically fertile area where the school is
located. Federal support has been minimal, despite the original
intentions of the school's designers that the federal government share
equally with the state and private sources in the running of the school.

Racause of its cost and because of the considerable public criticism of
the school as elitist, The Summit School has -- built into its design --
a mandate to spread the wealth, so to speak, through a series of outreach
programs. Summer workshops, equipment loans, and consultation are all
made available to districts throughout the state, and the school has
served as a test site for the state's new competency examination. In
addi tion, the Babcock Foundation has provided funding which each year
enables several teachers of science and mathematics from high schools
throughout the state to spend the year teaching at The Summit School.

Administratively, the school seems a blend of the secondary and
postsecondary. The hierarchy inciudes a director, a dean, and a
principal, with the last appearing (according to several teachers) to
have the strongest day-to-day ties with the school's academic pursuits.
There is also a Board of Trustees, a blue-ribbon panel of national
experts in mathematics, science, and education. By all accounts, their
recommendations have been heeded carefully in setting the tone of the
school programs.
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The school's leaders recognize that, as it evolves, that tone must be
defined by more than curriculum and test scores. It is not enough to
offer talented students more challenging courses and a chance to work
together. The director of development, who has spearheaded the drive to

. acquire the 7 million dollars of support, gave his definition of the

spirit that drives the school: "We have a strong sense that we are, and
should be, preparing our students for leadership. We communicate that to
the businesses and foundations we talk with. We make it clear to them
that it is in their self-interest to contribute. Self-interest, not
charity, should be their motivation for contributing.”

At the administrative level, therefore, there appears to be a working
sense of mission. The teachers, however, are not so sure that it has
filtered through the whole school. At least that was the assessment of
one of the mathematics teachers, who lamented that the administrators
felt obliged to focus so much of their energy and attention outside of
the school. "I hear very little from the administration about what goes
on in the school. 1It's been hard in the past year to get them to define
a sense of mission for us. Acadenically, it's the teachers who pretty
mich run this school."

Under the leadership of their department head, the mathematics teachers
have been honing their own sense of mission, distinguished hy a strong
and unified sense of what kind of mathematics ought to be offered to
Summit students and how it ought to be taught, and by a strong commitment
to equal access to the learning of mathematics. In describing other
exemplary mathematics programs, in settings more traditional than
Sumit's, we have noted similar senses of mission among the staffs --
e.g., tc attain excellence with equity, to keep all students in
mathematics courses for four years of high school, to develop a sense of
sel f-responsibility in all students, or to develop in students a sense of
what "good" mathematics is. The visions and sense of mission that have
unified these staffs and given their programs energy and 1ife have varied
from school to school, but their influence in so many programs marks them
as a significant factor. The developing sense of mission in the Summit
program was only one echo of other exemplary programs. There are others,
as we describe in later sections.

The Students

The students at The Surmit School are clearly exceptional, but teachers
and administrators were careful to inform us that they are not
necessariiy the top students in the state. According to the dean, "Less
than 50 percent of the student body could be described as gifted." This
is a result of the multiple criteria used to select students, which aim
for a balance by race, sex, and geographic distribution through the
entire state. To bring together these young people is an ambitious-
undertaking, especially since the state's profile extends from several
large cities to a broad expanse of rural communities, a mixture made even
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more complex by the Southern history of racial polarization.
Consequently, there is an elaborate selection process that combines
nominations, interviews, testing, and then more interviews. Generally
there are around 800 applicants for 200 places in an incoming class, and
the resulting student population runs the gamut from the confident and
gifted to students who, despite their previous records and proven
potential for further success in science and mathematics, are
Lonservative, cautious, and even a bit intimidated. In fact, several
teachers described the general tenor of the student body as generally
conservative. Said one teacher: "They are conservative enough so that
we don‘t always find it easy to incorporate innovations. For example,
they put up a fuss when we tried to replace a course in differential
equations with one in finite mathematics. They complained to us that
they knew differential equations is an established course in colleges and
that they didn’t want to be left out.” One of the many praiseworthy
qualities of the teachers is the quiet respect they have developed for
this student caution. Rather than fight it, they flow with it and nudge
them when the situation warrants it. They succeeded, for example, with
some diplomatic persuasion in instituting the course in finite
mathematics in place of differential equations.

We sampled some of the students' ingrained caution and conservatism in
several classes. For example, in one observed precalculus class, only
one student asked a question that was not aimed at clarification, and
even his questioning seemed tainted, apparently driven by a desire to
show how much he knew. This was an extreme manifestation, but not an
aberation. The students' caution was evident in several of the first-year
courses we observed. On the other hand, in an early-morning,
third-semester calculus course, caution and conservatism were thrown to
the wind. Almost all the students kept up a 1ively banter of exploratory
questions and shared observations, both with the teacher and with each
other.

Because of the wide variety of student backgrounds and attitudes, the
school's planners have cut no corners in preparing to meet their
students’ emotional needs. A1l educators who work with gifted students
recognize that giftedness often has a price, and the price for gi fted
young people is usually emotional stress. Here, at Summit, is a school
which brings together young people from vastly different social
backgrounds -- some gifted, others not, but all with the potential for
significant success -- and puts them in a very challenging and, at least
to some, an intimidating environment. 1In light of the evident risks, it
would seem essential to give these students as much support in adapting
to the environment as possible.

The Summit School has left 1ittle to chance in making it safe for its
students to take on the risks of immersing themselves in the school.
There is an evening study skills course which is required for all new
students, a solid tutorial program -- at least in mathematics, our only
observed department -- and a counseling program which conducts support




groups for the students. (More importantly, perhaps, the counseling
director seemed highly sensitive to the potential risks and danger points
for the students, and spoke of the strategies her staff has employed to
help students to survive.) To mitigate intense and possibly unhealthy

. compatition among the students, the school has decided against having an
honors program and against computing class rank. Furthermore, to apply a
little weight to the support programs, the school has established a
mandatory two-hour quiet study time for all students, an edict that at
least a couple of the mathematics teachers think is too protective and
authoritarian. The general attitude of the administration, however, is
that they would rather err in the direction of being too protective and
not risk negligence.

Curriculum and Implementation

The mathematics department’'s attention to student placement cowplements
the school's support programs nicely. Precalculus is a required course
and other courses have been carefully tailored to make sure that all
students are well prepared to take it. In principle, all entering
students have taken algebra II in their previous schools. But, as one of
the teachers wryly observed, "Some have taken algebra II, but not so
you'd notice they have."

When the school first started, the mathematics department used student
SAT scores as a placement device but found them to be inadequate for
singling out the students with weak algebra II backgrounds. They
therefore developed their own placement test and are now confident that
they can place students correctly. For the students with the weakest
backgrounds, there is a course that covers algebra II and a little bit of
extended work in a year; for those with stronger backgrounds, there are
courses that move through algebra II and trigonometry, and through
algebra II and precalculus in a year. The remaining students, of course,
begin with precalculus or even higher courses. (In the third-semester
calculus course which we observed, there were a couple of first-year
students.) The staff stays carefully tuned to how well students are
placed and by their own testimony, "We allow a fairly fluid movement up
and down among courses." In fact, the dean of the school cited the
mathematics staff's ability and willingness to create new courses,

hal fway through the year, when they seemed warranted to meet student
needs. Courses meet three times a week and the typical teacher load is
seven courses. Thus the flexibility that allows students to move fluidly
to suitable courses does not come without cost to the teachers.

Precalculus is the acknowledged “center of the curriculum," and the
staff's careful thinking about the course has determined their thinking
about the rest of the mathematics courses, as well. The precalculus
syllabus contains six pages of topics alone, and the staff is united in
their notions about approaching those topics. As the department head
described it: "We avoid stressing facts, memorization, and the
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- what students learn. The prime example is in programming where, under
the persuasive influence of the department head, Paul Thompson, courses

traditional theorem-proof approach. Instead, we aim for a discovery,
think-it-through approach.” There is much that unites Summit's
mathematics teachers, but their unity on this pedagogical approach is
especially rock-solid.

The attention to how students Tearn in their mathematics courses extends
beyond precalculus and, in fact, has influenced staff decisions about

in BASIC have been replaced by courses in LOGO. The teachers seemed
unanimous in their opinion that, with its emphasis on programming
struclures called procedures, LOGO is superior in inducing students to
think about "What do I need to know?" in order to solve a particular
problem. As if to underscore the wisdom of their decision during our
visit, student reported to one of the teachers, "I'm doing much better in
math now that I treat problems as if they were LOGO programs and break
them up into pieces."”

The student who reported this bit of personal growth is female, as is the
teacher in whom she confided -- circumstances which are not at all
coincidental. The three fuiltime women mathematics teachers have worked
to sharpen the lines of communication with female students. Their
determination resulted from interviews with several girls a few years
agn, which revealed how intimidated they felt in class with so many
talented boys, often perceived as aggressive, no matter how talented they
themselves were. The resulting patterns would be familiar to teachers in
other mathematics programs: boys dominated discussions in the classroom
and dominated the use of computers outside of the classroom.

The women teachers convened an after-school session for female students,
allowed some airing of feelings, and suggested they meet on a regular
basis. They have continued to meet and the group has evolved into a
popular club where, according to one of the three women teachers, "We
raise their consciousness about the importance of asking questions in
class. We discuss and practice some of the tricks the boys have learned
in order to succeed, and we have established some problem-solving
groups. Several boys have begun to show up for the meetings, and the
girls decided to 1et them take part." One effect of the club, as the
student report about LOGO implied, has been a balancing of computer use
among male and female students.

Computer use is at a high pitch at Summit. Up and down the hallway of
the mathematics department, computers are located wherever they will fit
-- a few in this room, a single one in that office -- and wherever they
are, they are regularly used. Primarily, they are regularly used for
programming. Besides LOGO, we saw signs of "C" and PASCAL. There
seemed, howzver, to be 1ittle use of computer software in the mathematics
classes. The one noted exception was the use in several courses of
graphing software, such as that produced by Conduit.




Leadership

In good part, the absence of much software from Summit's curriculum

derives from the healthy skepticism of Thompson, the department head,

which is grounded in his high regard for his teachers. As he told us,

"Until I see software that does as good a job in the classroom with

students as most of the teachers in this department, I'11 continue to be
- skeptical about its usefulness."

Thompson is a man with strong opinions about teaching mathematics who has
all the energy and forcefulness needed to act on those opinions. He is,
in fact, a fireball of energy who beljeves strongly in a style of
teaching that challenges students to think, observe, and appreciate good
mathematics; who believes equally strongly in a program structure based
on “teacher as learner," where teachers take it upon themselves always to
be Tearning new things; and who believes in a program supported by a deep
commitment to collegiality among the teachers. Thompson supports his
strong opinions by being the primary model for all of them, demanding of
himself at least as much as he demands of his teachers. ("It's been a
Tong time since I got out of here before 7:00 in the evening.")

He also has been the primary force in all the curricular innovations and
has infected the rest of the staff with his enthusiasm and vision. 1In
the formative period when the school was being planned, Thompson was
hired to develop the mathematics and computer science programs, and he
has made each hiring since then a careful, deliberate, and resolute
choice. The resulting staff is a blend of different personalities and
backgrounds, different enough to make us curious and lead us to ask
several teachers how he managed to get the department he both wanted and
needed from such a diverse group. "Magic," said one, who continued, "His
instincts are so good, he seems to be able to sniff out applicants'
resumes.” And he has persisted, said this teacher -- “"often in the face
of some real heel-dragging from the administration, who are technically
supposed to approve the hirings. He's been able to get the people he
wants, though."

As we distilled from all our study data the profiles of the exemplary
mathematics leaders we met, we noted that they usually combined some of
the following: they were able to get things accomplished for their
programs, despite administrative hurdles; they championed their teachers
whenever they could; they fostered a sense of professionalism among their
teachers; they infected all of their colleagues with their visions of
even better programs; and they served as the primary models Ffor all they
preached. Thompson epitomizes all of these qualities.

Teachers and Teaching

A1l of the circumstances at The Summit School are ripe for excellence.
The money is there; the talented and motivated students are there; and in
the glare of intense publicity, the high expectations are also there.
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But, as we have noted for other exemplary programs -- old or new, rich or
poor -- the excellent results would just not exist if it were not for the
qualities, attitudes, and practices the teachers bring to the programs.
In his adamance about getting the teachers he wants, Paul Thompson has
recognized this. Fortunately, in their willingness to accede to his
wishes, however slowly, so have the school's administrators.

- One of the strengths of the Summit mathematics teachers has already been
mentioned: they do whatever it takes to assure success for their students
-- their own placement tests, multiple entry courses for students with
di fferent backgrounds, their special attention to guarantee females equal
access. They are also extraordinarily generous in their availability to
students: one student remarked to us that he could always find a teacher
to help him any time between 8:00 in the morning and 10:00 in the
evening. Like their counterparts in other exemplary programs we visited,
the eight teachers refuse to tolerate any possibility of failure for
their students.

They have other powerful attributes, as well. Most noticeable is their
careful attention to teaching style, to how they deliver up the
mathematics to their students. Thompson, for instance, is charged and
flamboyant, committed in his instruction to what he calls "big picture
instruction.” In a LOGO class, he led a spontaneous discussion of “What
makes something mathematical?", a discussion spurred by a binary search
problem which, in its passing to the mathematics involved, touched on
Mozart's piano concertos and¢ on Finnegan's Wake. In a precalculus class,
he used a style resembling that of a Taw professor. ("That logic is
sound, but you didn't explain it very well.") He has been known on
several occasions to grab a second-year student from the hallway to
recollect in front of a class of first-year students about a concept or
problem which was particularly nettlesome.

The other teachers do not try to emulate Thompson's flamboyance -- it is
too much of a personal stamp -- but they do try to learn from him. Said
one man relatively new to teaching, "I've learned from Paul the value of
putting silent pressure on students who don't prepare, letting them
squirm a bit while I confront them with questions." From watching this
teacher in class, it was evident that he also is picking up Thompson's
use of challenging questions and his insistence that students take care
in formulating their answers to mathematical questions. The following
are quotes from his precalculus class:

o "Very good: That's shorter than the explanation I would have given."

o "How many of you think you can take log base two of both sides of an
inequality and preserve the inequality? Why or why not?"

¢ "I think I understand your question, but others do not. Try and
rephrase it."

The emphasis on student responsibility and self-discipline reflected in
these comments and questions is one shared by all the teachers, one of
whom told us: "We try to impress on the students that they ought to 1ook
to themselves first, before they go to blaming teacher, book, or school."
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The use of questions intended to make students think a hit before they
answer .is a hallmark of most of the teachers and classes in the
department, though the notable exception was unfortunately the Towest
Tevel of algebra II -- in this school's hierarchy of courses, the virtual
equivalent of other schools' general mathematics courses. There the
concern of the teacher seemed to be the quantity of material covered, and
the concern of the students seemed to be what was going to be on the
upcoming test.

This exception aside, there is uniformity in much that these teachers do,
and that results from an extraordinary sense of collegiality which they
have developed in the short time that they have been together. Said one,
"We usually look at each other's tests and worksheet questions." Another
pointed to the indirect benefits that accrue to stucents from staff
collegiality: "A student told me that he had heard the same suggestion
concerning the organization of work from three different mathematics
teachers. That happened to be something we had discussed together."

When possible (and it usually isn't, given the heavy teaching schedules),
the teachers sit in on each other's classes, a practice which can serve
to spread the wealth. In the classes of two different teachers, we saw
the innovative use of homework discussions to foreshadow and act as
advanced organizers for the content of the next day's classes. One
teacher had observed the other several times in the preceding months, and
we could only infer that the practice had been consciously imitated.

Though they do meet formally as a department for two hours a week, most
of the teacher interactions occur in hallway encounters and office
visits. They love it and crave even more. "We hardly ever get to talk
about pedagogy,"” said one, "and I would 1ike to have others sit in on
more of my classes." To one of the Babcock Fellows, at the school for
one year, the experience of being part of this staff was a revelation:
"The staff interaction here is so rewarding. I never thought that
teachers communicating with each other was so important. When you think
about it, however -- and I don't mean to be flip -- teachers in regular
schools end up spending 90 percent of their time with people who haven't
graduated from high school yet, and they hardly get a chance to learn
from each other."

Without doubt, therefore, the primary source of the energy that courses
through the mathematics corridor and classrooms at Summit is not the
curriculum, nor is it the select student body. It is the cohesive and
extremely dedicated group of teachers, who more than live up to
Thompson's vision of teacher-as-learner. This is not to ignore the rough
spots that do exist. The sad lack of engaging questions in at least a
couple of the lowest level classes was mentioned earlier. Though
Thompson's classroom challenges to his students are carefully calculated,
we wondered how many of the students on the cautious € d of the attitude
spectrum were internally pulling away from his law pr  :sor tactics.

And we saw only a few classes in which students did an, work at the
board, a circumstance we thought odd, given the interest of the teachers
in developing opportunities for discussion.
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These potential rough spots deserve attention, but to dwell on them would
be to distort the superb professional community and mathematics program
put together by Paul Thompson and his teachers. Indeed, perhaps the real
rough spot facing the Summit mathematics staff in these formative years

. will be their capacity to sustain the level of energy necessary for the
program to continue to thrive, 1In addition to their considerable
devotion of time to their mathematics classes and students, all of the

- teachers are heavily involved in coaching, clubs, committees, and the
Summer Outreach Program, which fulfills the school's obligations to
schools in the rest of the state. Burnout for these teachers is a
possibiiity they face all year long.
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January 21, 1985

Ronald Brandt
Executive Editor
Educational Leadership
225 N. Washington St.
Alexandria, VA 22314

Dear Mr. Brandt:

In an earlier letter to you, I mentioned that I was writing an
article about leadership in exemplary school mathematics programs.
I have completed the article and it is enclosed. I hope you will
decide to publish it in Educational Leadership.

Leaders in the curriculum content areas -- in particular,
mathcmatics -- have been sorely underserved in the areas of

The research which has inspired the
enclosed article has led us to two recommendations concerning
leaders' training and communication, Furthermore, there are some
clear implications for policy decisions that emerge from our
portrayal of the exemplary leadership we witnessed during our site
vists.

Gene Hall's research indicates that department heads are generally
not catalysts for change. As a result of our research, I firmly
believe that this need not be the case. I have attempted to
communi cate some of this conviction in the article.

Please raspond in either the enclosed envelope or by telephoning
e at my office -- (617) 256-3987. Thank you for your
consideration.

Sincerely,
Mark Driscoll, Ph.D.
Principal Investigator

A Study of Exemplary Mathematicc Programs

P.S. Table I, which accompanies the article, gives a sampling of
the study’s findings on leadership from the 28 programs we

visited. I invite you to use it, or part of it, with the article.
Encls.
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Leadership in Exemplary Mathematics Programs

by Mark Driscoll, Ph.D.

Northeast Regional Exchange, Inc.

A. Introduction

For the past two years, we at the Northeast Regional Exchange have been engaged in

A Study of Exemplary Mathematics Programs. Funded by the National Institute of

Education, we have conducted tﬁis research project with the express pur.ose of
identifying and describing factors and conditions associated with excellence in
precollege mathematics. Toward this end, 8 of us in teams of 1 and 2 have visited
28 exemplary programs (grades 4 through 12) -- of various sizes and in various
social settings -- 1in 16 states and the District of Columbia, and have also

studied several dozen other exemplary programs by telephone and mail.

As a result of cur research, we believe we have convincing evidence in several
categories, described in detail in our final report and in 70 case studies drawn
from our site visits. In the present article, I will concentrate on one of those

categories -- Leadership.

The majority of the programs we visited were characterized by effective and often
dynamic leadership, an especially impressive fact because it flies in the face of
what apparently is the norm. In a recent article in this journal, Gene Hall and

his colleagues made the following observation about the viability of the high

school department as a unit of change (1, p.61):

A1l too often, department heads report that their role is basically one of

checking books in and out, keeping records, passing on communications from
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"above," and ordering supplies. In general, they do not appear to have the

time or opportunity to serve as active leaders, nor do they see themselves as
having responsibility for initiating or facilitating change. Their selection
typically has 1little to do with leadership abiiity and training for the role
is nonexistent. . . . Further, there frequently is not enough staff unity and
identity with the department for it to automatically serve as a unit for the

adoption of major changes in high schools."

Because of this stark contrast between the leadership norm and what exists in many
exemplary mathematics programs, we have two primary recommendations concerning
future attention to mathematics leaders, one pertaining to their training and the
other to their communication with one another. I describe these recommendations

after an account of some of our findings.
B. Findings

Fineran et al. have categorized problems commonly enccuntered by mathematics
leaders in their work with teachers, and suggest the same six categories for

describing critical leadership skills in mathematics (2):

1. communication

2. instructional materials

3. teaching strategies

4. program coordination and articulation
5. curriculum development

6. program assessment

The came categories are appropriate for describing the exemplary leadership we

observed, along with'a seventh which does not fit easily under any of the above 6
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rubrics, yet encompasses some of the more striking features we observed:

7. development of program esprit and vision.

For the present article, I have chosen several of these categories in which program

leadership features were especially striking.

Communication

Two kinds of communication challenge leaders at the department level --
communication within the department and communication with individuals and entities
outside the department. Communication among the teachers in a program was one of
the strongest factors we identified. Collegiality and sharing among teachers
appeared to undergird the success of the majority of the programs we visited. A
couple of quotes from our site notes can heighten ti> flavor of this factor's

importance:

“This is the fifth school in the district I've taught in, and it's the first
one in which the teachers readily share. We share ideas, problem sheets,
magazine articles -- whatever looks like it might help.* Fourth-grade teacher

in Michigan.

"Many an evening, we are on the phone with each other at 11:30 at night,

putting together worksheets." Teacher, California high schn-l,
There were many other examples. In a New Hampshire high school, the entire

mathematics departmeni of six people meet over lunch every day and discuss students

-- who is having trouble, vho is placed in the wrong course, and so on. On a less
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formal basis, this kind of lunchtime conve..ing of teacher groups to discuss
professional matters took place at a large handful of the other schools.
{Ordinarily, of course, schedules do not cooperate to allow this to happen at

midday. )

What role do the leaders play in this fluid communication? It varies in form from
program to program, but the effect is usually to facilitate the fluidity. Ir only
a few cases did we hear them talk about the ideal of "communication" as such; if
they alluded to communication at all, they expressed it in terms of more concrete
goals, like flexible and appropriate student placement in mathematics courses.
Recall that these were all successfuil programs, usually dependent for success on
ensuring that their students are suitabiy placed. Quite often, this requires the
teachers to be talking to each other frequently about the studenés who dc not seem
to be suitably placed or are otherwise having trouble. Some of the programs have
regular -- primarily monthly -- departmental neetings but the role and fregquency of
these did not seem to be exceptional. Communication happens in more informal
settings. For example, about a quarter of these programs have teachers' offices
or desks all located in a central area along with the department head's office.
Students can visit, resources can be passed back and forth, and blackboards and

bulletin boards can serve to communicate ideas.

There are other techniques we saw for nurturing communication among staff. One
example is the delegation of authority to teams of teachers for such tasks as test
development and curriculum coordination within courses. For example, all of the
geometry teachers in a high school might meet weekly to put together tests and to
ensure that they are coordinated in coverage of course material. In the end,
however, the methods employed are less important than the fact that the teachers

ind ways to communicate. And their leaders generally help the process along.
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The majority of leaders we studied are models of the fluid communication they want

to see in their programs. They talk about teaching, they share, they listen.

The other kind of communication -- that with people and entities outside the
department -- seems tightly tied to leadership. When we asked the veteran head of
an exemplary high school program in Boston to describe how he would reproduce his
program's success in another school, he 1isted several conditions, but stressed,
“It would have to be run by someone who could work closely with the principal to
get things done for the program.” This notion was reinforced for us when a New
Hampshire high school principal remarked that, although his mathematics staff were
very successful with their students, they fell short on one account because of
their desire to keep the department democratic, with a rotating, rather powerless
chair. “They don't push or sell their.program well enougih ir the community,” he
told us. “They're not visible enough.” As a result, he concluded, they are far
less effective in securing what they want from the school board. At yét another
school, the conviction about the importance of visibility was planted firmly for
us. When we asked the principal about the reported jealousy toward the mathematics
department among the heads of other departments, he waved his hands impatiently and
said, "When they are as forceful and convincing as (the mathematics chairman), then
they'11 get the same sort of support.” Exemplary mathematics leaders, we found

out, can be exemplary at sales and public relations.

Teaching strategies

Formal training to influence teaching strategies occurred at approximately a
quarter of the programs visited. When the training was formal, it occurred most
often at the school or district level, and it often took the form of effective

teacher training a la the Madeleine Hunter or Good-Grouws models.
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At the program level, leaders displayed two primary strategies besides formal
training to ensure that the teaching in their programs is done the way they think
it should he done -- modeling and open trust. Modeling has limited effectiveness
for influencing teaching patterns within departments, since most teacher schedules
do not permit teachers to observe one another. (A pity -- when it occurred in the
programs we observed, it seemed a powerful tool for learning.) And yet modeling
was a factor we could not ignore. In more than a taird of the high school programs
visited, the department head was the most effective teacher observed. Indeed,
three of them were selected as their states' winners of the Presidential Award for
most outstanding mathematics teachers (one chosen per state). Because
communication within the departments is generally very fluid, they find ways to

pass on their suggestions and advice in meetings and informal conversations.

Open trust is ‘a phenonemon that is especially hard to quantify or pin down, but we
were struck by the relatively large number of teachers who, when questioned by us
about their programs’' strengths, told us, “For one thing, I am treated like a
professional here.“ Generally, this meant two things: that their opinions counted
for something in the course of the program's development and that they were trusted
to do well in the classroom. For us, however, this apparent strength is confounded
with a glaring weakness in many of the programs we vicited -- a lack of anything
but the mest traditional and textbound goals for class discussion. There were some
wonderful exceptions to this, classes where teachers cleverly contrived to get
students to discuss problem-solving and to ponder such issues as, "Why should we be
concerned about ratios in geometry?" But generally we were disappointed by the
narrow definitions of classroom discourse and the lack of initiative on the part of

the leaders to effect some change.
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Program Assessment

One of the abiding thrills for us as we traveled from exemplary program to

exemplary program was witnessing the extraordinary intolerance of student failure

among the teachers. This was nearly universal, and for many of them it e~cended to
an intolerance of disintérest for mathematics among their students. By this I mean
they labored not only to render the students successful in their current courses,
but also to keep them enrolling in mathematics courses. A memorable example was a
California high school in which the teachers, in the words of the department head,
"were determined that general mathematics not be the terminal course it usually is

in high schools.” Toward this end, they developed over 150 workshzets as the

backbone of the course; they then completed a similar task for a course which
_spreads algebra I over two years, and developed a non-proof concrete geometry
course. As a result, many of their general mathematics students take four years of

mathematics.

This effort signals -- as do dozens of similar stories from other programs -- the
steps ventured beyond the traditional test-monitoring to take the measure of "How
are we doing?" The common cost of these efforts is time, and once again, it-is the
leaders who are usually setting the pace. We found some of the daily schedules

truly daunting, and I offer a few qu.tes:

“It's been a long time since 1 left here before 7:00 in the evening."

Department head, North Carolina high school.

“I usually have breakfast with a few of the teachers at 6:30. I go home late
in the afternoon, but my wife knows that department work has my attention until
L d

10:00 at night." Department head, Massachusetts high school.
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Generally, the rest of the teachers follow suit, and devote what time and efforts
are necessary to stay on top of their students' needs, making sure that they are
correctly placed in courses and that they get what help they need. In a phrase, it

is rare for needy students to stay invisible or unhelped in these programs.

Visionary Leadership

In a 1983 report on business leaders, researchers at the Stanford Engineering and
Management Systems Company cited a distinction "between management, which implies
maintaining the status quo, and leadership, which implies change," and a “related
distinction . . . between short-term operations and long-term vision. The true
visionaries manage the change process so that the two are congruent." (3, p.16) I
hope that the examples I have cited above convey our sense that something similar
was going on in the majority of the exemplary mathematics programs we visited.
Managing the short-term operations is essential to the continued success of these
programs, but so, in most of them, is the inclination to look ahead and to bring
congruence between short-term operations in the programs and the vision of the
future.

As I am using it, the term "vision® enpompas;;;.several notions -- general
enthusiasm and high expectations, a team spirit, and, most importantly, a set of
shared and well-defined goals. "HWe are a team working toward a goal," a Michigan
department head proudly told me when I noted how frequently I had seen her teachers
interact with each other. Her most pressing responsibility as leader, and one that
she seemed to relish, is to sustain that tcam esprit. Another department head
keeps his own eyes riveted on the difficult questions, "What is good mathematics

and what kind of mathematics ought we be teaching?" -- and works to keep the rest

of the staff concerned about the same questions. Others we visited are cormitted to
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department cultures that cherish the concept of teacher-as-learner, ever open to ¢

learning new skills and new ideas, or the concept of teacher-as-leader, with

appropriate training provided.

C. Recommendations

Not all of the leaders we visited in our study were catalysts for improvement.

Some department heads, for example, were good teachers, but little more than
functionaries or figureheads in their administrative roles. We saw enough
exemplary leadership at the program level, however,to begin to think of mathematics

leaders as a viable force for change and to develop two basic recommendations.

Recommendation 1.

As Gene Hall points out in the quote cited earlier, training for the role of
department head is nonexistent. We are convinced, however, that much of what the
leaders we visited do so well can be learned. The first recommendation, therefore,

is that formal training be made available to mathematics leaders, perhaps organized

accordina to the six categories listed earlier from Fineran et al.

Recommendation 2.

There is a small but significant 1ist of items abort which our exemplary leaders
were not in total agreement. For example, we heard both sides of the issue of
whether to teach algebra in the eighth grade. Furthermore, many of the leaders are
highly enthusiastic about mathematics competitions, but a few others wondered
whether competitions don't merely encourage the learning of tricks at the expense

of learning how to do mathematics. The 1ist continues, through opinions about
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computer programming and software, the limitations of texts, and so on. In light

of these opposing opinions, we recommend that there be some organized and focused

communication among mathematics leaders. It could take the form of occasional

Tocal or regional roundtable discussions under the auspices of the National Council
of Supervisors of Mathematics, or a series of broader, foundation-funded
conferences. In any case, it is important that school mathematics leaders have

some vehicle through which they can talk and listen to each other.

Concluding Remark. In the past decade, we in mathematics education have developed

a 1itany of phrases we preach, a 1ist which includes problem-solving, use of
technology, mathematical applications, thinking skills, diagnostic teaching, and so
on. How well each is finding its way into the classrooms is debatable. We beljeve
that our study, as it relates to leadership in mathematics and as it is funneled

into the above two recommendations, offers an exciting prospect for hastening the
process along.
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Leadership Factors Identified in
A Study of Exemplary Mathematics Programs

by Mark Driscoll, Ph.D.
Northeast Regional Exchange, Inc.

A. Introduction

For the past two years, we at the Northeast Regional Exchange have been
engaged in A Study of Exemplary Mathematics Programs. Funded by the
National Institute of Education, we have conducted this research project
with the express purpose of identifying and describing factors and
conditions associated with excellence in precollege mathematics. Toward
this end, 8 of us -- in teams of 1 and 2 -- have visited 28 exemplary
programs (grades 4 through 12) in 16 states and the District of Columbia,
ang ha:e also studied several dozen other exemplary programs by telephone
and mail.

The programs were rated by a panel of 6 expert consultants on the basis
of evidence sent by the schools in 7 categories of student outcomes,
covering aspects of test scores, course enroliment, awards,
extracurricular involvement, and other, less traditional categories of
student outcomes. The 28 programs we chose to visit represented not only
a sampling of the top-rated programs; they also represented the variety
we desired: schools of different sizes (from a school with 190 students
to several with nearly 2500) and different grade levels; schools with
different social settings and ethnic profiles; and schools which, as a
group, contained exemplars in all of the categories of excellence.

The site visits were conducted during the fall of 1983, followed by
interviews with staff at other exemplary programs during the winter and
spring of 1984. The hypotheses developed about factors and conditions
associated with excellence were tested during this period and our panel
of experts met once again to weigh the evidence and to rate the
hypotheses on the basis of that evidence.

As a result of our research, we believe we have convincing evidence in
several categories, described in detail in our final report and in 10
case studies drawn from our site visits. In the present article, I will
concentrate on one of those categories -- Leadership.

In the majority of the programs we visited, it was clear that the tone of
excellence has been set by the style and influence of the program
leaders. In high schools, this role was usually taken by the department
head; in the other programs, the leadership appeared in various positions
-- influential teachers, school administrators, or district
administrators. No matter the official position, these individuals lead
their staffs in defining the standards of excellence and then in the
pursuit of excellence. Whkan changes are required, they find ways to
effect them.
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The majority of the programs we visited were high schools (see Table I),
a proportion commensurate with the percentage of high schools represented
in the pool of schools that sent us evidence of excellence. (Our total
pool numbered 150.) This makes the strength of the leadership we
observed all the more impressive, because it flies in the face of what
apparently is the norm. In a recent article in this journal, Gene Hall
and his colleagues made the following observation about the viability of
the high school department as a unit of change (1, p.61):

"A11 too often, department heads report that their role is basically
one of checking books in and out, keeping records, passing on
communications from “above," and ordering supplies. In general, they
do not appear to have the time or opportunity to serve as active
leaders, nor do they see themselves as having responsibility for
initiating or facilitating change. Their selection typically has
little to do with leadership ability and training for the role is
nonexistent. . . . Further, there frequently is not enough staff
unity and identity with the department for it to automatically serve
as a unit for the adoption of major changes in high schools."”

This sweeping assessment was based on a series of visits to high schools
across the country, and it speaks to the state cf the typical American
high school. As noted above, it does not describe the majority of the
mathematics programs visited in the Study of Exemplary Mathematics
Programs. In those programs, leadership makes a significant difference,
and it does so in some clearly defined ways.

Because of this stark contract between the leadership norm and what
exists in exemplary programs, we have two primary recommendations
concerning future attention to.mathematics leaders, one pertaining to
their training and the other to their communication with one another. We
describe these recommendations after an account of our findings.

B. Findings

Fineran et al. have categorized problems commonly encountered by
mathematics leaders in their work with teachers, and suggest the same six
categories for describing critical leadership skills in mathematics (2):

. communication

. instructional materials

teaching strategies

. program coordination and articulation
. curriculum development

. program assessment

N WP —
.

I will use the same categories to describe the exemplary leadership we
observed, but will add a seventh which does not fit easily under any of
the above 6 rubrics, yet encompasses some of the more striking features
we observed:

7. development of program esprit and vision.
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1. Communication

Two kinds of communication challenge leaders at the department level --
communication within the department and communication with individuals
and entities outside the department. Communication among the teachers in
a_program was one of the strongest factors we identified. Collegiality
and sharing among teachers appeared to undergird the success of the
majority of the programs we visited. A few quotes from our site notes
can heighten the flavor of this factor's importance:

"This is the fifth school in the district I've taught in, and it's
the first one in which the teachers readily share. We share ideas,
problem sheets, magazine articles -- whatever looks Tike it might
help." Fourth-grade teacher in Michigan.

"Our mathematics teachers are an interlocking, mutually supportive,
yet diversely unique group of people." Principal, West Virginia
middle school.

“Many an evening, we are on the phone with each other at 11:30 at
night, putting together worksheets." Teacher, California high school.

There were many other examples. In a New Hampshire high school, the
entire mathematics department of six people meet over lunch every day and
discuss students -- who is having trouble, who is placed in the wrong
course, and so on. On a less formal basis, this kind of Tunchtime
convening of teacher groups to discuss professional matters took place at
a large handful of the other schools. (Ordinarily, of course, schedules
do not cooperate to allow this to happen at midday.) One memorable
example deserves mention. In a New Jersey middle school, the two
guidance counselors (the best guidance people we saw) usually have lunch
with the mathematics teachers. In separate interviews, the guidance
people and a couple of teachers cited this vehicle of communication as a
strong contributor to the school's superb record of success in
mathematics, a record partially reflected in the following extraordinary
figures. The program has five tiers and, in the last eight years, the
school's seventh-graders have gone from the 49th percentile on the ITBS
mathematics exam to the 99th percentile, while the eighth-graders have
moved from the 51st percentile to the 99th percentile. The fluid lines
of communication appear to be a major factor in this phencmenal
improvement.

What role do the leaders play in this fluid communication? It varies in
form from program to program, but the effect is usually to facilitate the
fluidity. In only a few cases did we hear them talk about the ideal of
»communication® as such; if they alluded to communication at all, they
expressed it in terms of more concrete goals, 1ike student placement.
Recall that these were all successful programs, usualiy dependent for
success on ensuring that their students are suitably placed. This
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requires the teachers to be talking to zach other frequently about the
students who do not seem to be suitably placed or are otherwise having
trouble. Some of the programs have regular -- primarily monthly --
departmental meetings but the role and frequency of these did not seem to
be exceptional. Communication happens in more informal settings. For
example, perhaps a quarter of these programs have teachers' offices or
desks all located in a central area along with the department head's
office. Students can visit, resources can be passed back and forth, and
blackboards and bulletin boards can serve to communicate ideas. Not
every school can afford such Tuxury. (That it is considered a Tuxury at
all speaks to the hard times in our profession.) Indeed, several of the
leaders we met have had to use political muscle to put together such a
space, but it appears to be a very effective mechanism for encouraging
professional communication among teachers.

There are other techniques we saw for nurturing communication among
staff. One example is the delegation of authority to teams of teachers
for such tasks as test development and curriculum coordination within
courses. For example, all of the geometry teachers in a high school
might meet weekly to put together tests and to ensure that they are
coorainated in coverage of course material.

In the end, however, the methods employed are less important than the
fact that the teachers find ways to communicate. And their leaders
generally help the process along. The majority of leaders we studied are
models of the fluid communication they want to see in their programs.
They talk about teaching, they share, they listen.

The other kind of communication -- that with people and entities outside
the department -- seems tightly tied to leadership. Wher we asked the
veteran head of an exemplary high school program in Boston to describe
how he would reproduce his program's success in another school, hz listed
several conditions, but stressed, "It would have to be run by someone who
could work closely with the principal to get things done for the
program.” This notion was reinforced for us when we sat with the
principal of the New Hampshire high school mentioned above -- the one
where the six department members meet every day at lunch to discuss
student needs. The group is relatively democratic, with a rotating,
rather powerless department chair. The principal listed what he saw as
the strengths of the department, and then pointed to what he thought was
a major weakness: “Tney don't push or sell their program well enough in
the community. They're not visible enough." As a result, he concluded,
they are far less effective in securing what they feel they need from the
school board. Our minds went back to that Boston chairman and his
dictum, and we had one of those connecting, finger-snapping, "Aha."
insights. In most of the programs we visited, the leaders find ways to
communicate the consistent message, "Look, our math teachers are doing a
superb job, and we deserve x," whatever need x happens to be. The larger
the school district, the harder it is for leaders to bear fruit from this
process, of course, but the good ones keep trying. At yet another
school, the conviction about the importance of visibility was planted
firmly for us. When we asked the principal about the reported jealousy
toward the mathematics department among the heads of other departments,

4
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he waved his hands impatiently and said, "When they are as forceful and
convincing as (the mathematics chairman), then they'll get the same sort
of support.® Exemplary mathematics leaders, we found out, can be
exemplary at sales and public relations.

2. Instructional Materials

Even in exemplary programs, program leaders are at the mercy of their
school's social setting when it comes to procuring desired instructional
materials. For example, in the large cities -- and we visited schools in
New York City, Washington, Boston, and Milwaukee -- there are often few
means available to crack the system and get more than the central office
gives you. Again, the best strategy seemed to be that of the politically
savvy Boston chairman, mentioned above, who had the deep respect of his
principal (also a very savvy man) and worked closely with him to ensure
that the program got what it needed.

The other noteworthy piece of evidence in this category is that we heard
hardly an grousing about textbooks from the approximately 150 teachers we
interviewed at the 28 exemplary programs we visited. The monitoring
processes are rarely formalized, but the program leaders in these
programs apparently do monitor well enough to ensure that currently used
texts meet teacher and student needs. This is a tricky phenomenon to
gauge with regard to leadership, however, because the teachers in these
programs, for their part, generally prcved so capable that supplementing
texts when needed seemed no great challenge.

3. Teaching strategies

Formal training to influence teaching strategies occurred at
approximately a quarter of the programs visited. When the training was
formal, it occurred at the school or district level, and most often it
took the form of effective teacher training a la Madeleine Hunter. One
program had actively implemented the Good-Grouws effective mathematics
teaching model; at another, the regular training is embedded in the
school's adoption of the Comprehensive School Mathematics Program (CSMP).

At the program level, leaders displayed two primary strategies besides
formal training to ensure that the teaching in their programs is done the
way they think it should be done -- modeling and open trust. There were
a few with rather elaborate evaluation schedules by the department head,
but most did not deviate much from what is normal in formal evaluation.
When we asked the question of leaders, “How do you know when one of your
teachers is not teaching up to your standards?", the most common response
was, "The students let me know -- or their parents."

Modeling has limited effectiveness for influencing teaching patterns
within departments, since most teacher schedules do not permit teachers
to observe one another. (A pity -- when it occurred in the programs we
observed, it seemed a powerful tool for learning.) And yet modeling wasa
factor we could not ignore. In more than a third of the high school
programs visited, the department head was the most effective teacher
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observed. Indeed, three of them were selected as their states' winners
of the Presidential Award for most outstanding mathematics teachers (one
chosen per state). Because communication within the departments is
generally very fluid, they find ways to pass or their suggestions and
advice in meetings and informal conversations.

The open trust is a phenonemon that is especially hard to quantify or pin
down, but we were struck by the relatively large number of teachers who,
when questioned by us about their programs' strengths, told us, "For one
thing, I am treated 1ike a professional here." Gererally, this meant two
things: that their opinions counted for something in the course of the
program's development and that they were trusted to do well in the
classroom. For us, however, this apparent strength is confounded with a
glaring weakness in many of the programs we visited -- a lack of anything
but the most traditional and textbound goals for class discussion. There
were some wonderful exceptions to this, classes where teachers cleverly
contrived to get students to discuss problem-solving ana to ponder such
issues as, "Why should we be concerned about ratios in geometry?" But
generally we were disappointed by the narrow definitions of classroom
discourse and the lack of initiative on the part of the leaders tc effect
some change. It is, however, a delicate challenge for them -- to effect
change without trampling on something the teachers evidently value °cry
much, the message that they are very much trusted as professional. .n the
classroom. Nonetheless, it is a challenge that many leaders need to
confront, and something to be made part of any future training program
for mathematics leaders.

4, Program Coordination and Articulation

There were no consistent patterns in this category but, given the wide
varietv of settings we deliberately chose to visit, this is not
surprising. For one thing, control over coordination is, in part, a
function of district size. Large-city iigh school program heads are
severely limited in their control over coordination with presecondary
programs. The most glaring example of this, perhaps, was the magnet
school we visited which requires all incoming freshmen to take algebra
yet, with 51 feeder schools, the mathematics staff must strain to meet
the needs of students who represent a wide variety of prealgebra
backgrecunds.

Even in the suburban programs, however, there was no consistency. For
example, three of the high school programs were at odds with their middle
school counterparts in prealgebra or algebra. In three other programs,
the high school department heads supervised middle school curricula and
teaching, and articulation was made smooth by the dual responsibility.
When it is feasible, this latter arrangement seems to facilitate
articulation at the high school level. We are unable to say, however, if
it has any deleterious effects at the feeder school level, since we were
generally limited by time to interviewing staff at only one school per
site.
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5. Curriculum Development

Quite naturally, as we travelled from site to site, we wondered if any
clear patterns in curriculum factors would show up. As we surveyed our
curriculum data at the end of the visits, however, one of our site
visitors aptly characterized the wide range: "We saw some innovative
programs, but there are a 1ot of good programs out there which are
textbound and proud of it."

We did see innovations -- e.g., a few refreshing general mathematics
programs developed by teachers, a host of teacher-developed computer
courses and computer-based modules for regular courses like geometry, an
imaginative calculus course for talented students which is built around
the problem of determining the amount of work it takes to compress a
spring. We also visited two schools which are incorporating the
International Baccalaureate Program. But, generally, traditional
textbooks determined most of what we observed in the exemplary programs'
mathematics courses. The processes of text selection varied, again
partly a function of district size, but what was notably universal, as I
mentioned earlier, was the absence of grousing abuut texts by the
teachers. (Indeed, an absence of grousing in general:). Text
inadequacies ara identified and the necessary supplements devised -- it
is that simple a process. A favorite example of mine illustrating this
phenomenon of adaptation is the elementary school which has adopted the
CSMP Program. Generally, the teachers are pleased with the program, but
at 2ach level (we visited grades 4-6;, the teachers weve unwilling to
rely totally on CSMP. In our 2 days in the school, we witnessed a
delightful number facts pattern game devised by the fourth-grade teacher,
a fifth-grade teacher using his own LOGO and problem-solving activities,
and a sixth-grade teacher using consumer-related activities he had
developed. Similar adaptations appeared in the majority of the visited
programs.

Leaders in the "textbound" programs monitor the suitability of the
textbooks for current student and teacher needs. For example, in the
five-tiered middle-school program cited above, this monitoring -- in
tandem with the fluid communication between stavf and guidance, gces a
long way toward explaining the phenomenal 49 to 99 and 51 to 99
percentile jumps in the ITBS. Both the superintendant and principal
involved district teachers in an ongeing process of rewriting district
competency tests, rewriting curriculum objectives, and reevaluating
texts, so that now in the middle school the students in the top tier are
using a new, more challenging text than their counterparts used several
years ago, while the second tier is using the text recently abandoned by
the first tier, and so on. The program is a superb and classic example
ot the benefits which can flow from involving tearhers deeply in
curriculum development and from leaders' {nvolving them -~ in deeds, not
just words -- in a shared quest for improvement. The superintendent told
us, "We believed in the ide. chat what was wrong with much of public
education was the failure of responsible people to make tough




Jjudgements." We would only add that the ensuing success derived in good
part from the responsible role delegated to the teachers in making those
Jjudgements.

6. Program Assessment

One of the abiding thrills for us as we traveled from exemplary program
to exemplary program was witnessing the extraordinary intolerance of
student failure among the teachers. This was nearly universal, and for
many of them it extended to an intolerance of disinterest for mathematics
among their students. By this I mean they labored not only to render the
students successful in their current courses, but also to keep them
enrolling in mathematics courses. A memorable example was a California
high school in which the teachers, in the words of the department head,
"were determined that general mathematics not be the terminal course it
usually is in high schools."” Toward this end, they developed over 150
worksheets as the backbone of the course; they then completed a similar
task for a course which spreads algebra I cver two years, and developed a
non-proof concrete geometry course. As a result, many of their general
mathematics students take four years of mathematics.

Tnis may seem more 1ike information which should come under the heading
Curriculum Development, but it signals -- as do dozens of similar stories
from other programs -- the steps ventured beyond the traditional
test-monitoring to take the measure of "How are we doing?" The common
cost of these efforts is time, and once again, it is the leaders who are
usually setting the pace. We found some of the daily schedules truly
daunting, and I offer a few quotes:

"It's been a Tong time since I left here before 7:00 in the
evening." Department head, North Carclina high school.

“I usually have breakfast with a few of the teachers at 6:30. I go
home late in the afternosn, but my wife knows that department work
has my attention until 10:00 at night." Department head,
Massachusetts high school.

“I have to give my children some attention during the day, but most
of my time between 5:30 in the morning and midnight is devoted to
department work." Department head, California high school, who is
also the mother of twe small children.

Generally, the rest of the teachers follow suit, and devote what time and
efforts are necessary to siay on top of their students' needs, making
sure that they are correctly placad in courses and that they get what
help they need. In a phrase, it is rare for needy students to stay
invisible or unhelped in these programs.

There were exceptions to this in a few programs, generally in the form of
a slackening of effort in whatever course or two appear at the lowest
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rung on the curriculum ladder -- for example, in general mathematics.
And there was a move widespread and glaring weakness in in-class
assessment -- a dearth of sensitivity to comments or facial expressions
that students typically use to imply confusion. This is, of course, a
universal problem among teachers, and one that oFfers no easy solutions

because of the energy it threatens to drain away from the coverage of new
material in class.

These exceptions aside, we witnessed an extraordinary pattern of
leadership over, and participation by teachers in, a commitment to watch
over students and not to rely on test scores alone to monitor the health
of their programs. In their widely acclaimed book, In Search of
Excellence (Harper and Row, 1982), Peters and Waterman cited the
propensity of successful companies to keep their eyes trained on their

customers' needs and wants. We saw their educational counterpart in
these exemplary programs.

7. Visionary Leadership

In a 1983 report on business leaders, researchers at the Stanford
Engineering and Management Systems Company cited a distinction “between
management, which implies maintaining the status quc, and leadership,
which implies change,” and a "related distinction... between short-term
operations and long-term vision. The true visionaries manage the change
process so that the two are congruent.” (3, p.16) I hope that the
examples I have cited to illustrate the preceding 6 categories convey our
sense that something simiiar was going on in the majority of the
exemplary mathematics programs we visited. Managing the short-term
operations is essential to the continued success of these programs, but
so, in most of them, is the inclination to look ahead and to bring
congruence between short-term operations in the programs and the vision
of the future.

As I am using it, the term "vision" encompasses several notions --
general enthusiasm and high expectations, a team spirit, and, most
importantly, a set of shared and well-defined goals. “We are a team
working toward a goal, a Michigan department head proudly told me when I
noted how frequently I had seen her teachers interact with each other.
Her most pressing responsibility as leader, and one that she seemed to
relish, is to sustain that team esprit. Another department head keeps
his own eyes riveted on the difficult questions, "What is good
mathematics and what kind of mathematics ought we be teaching?"-- and
works to keep the rest of the staff concerned about the same questions.
Another is committed to a department cultire that will cherish the
concept of teacner-as-learner, ever open to learning new skilis and new
ideas. Two other leaders ar> equally committed to thie concept of
teacher-as-leader, and see that the appropriate training is made
available and that conditions permit the implementation of the idea. And
so on, through the several programs that aspire to chart new territory in
creating challenges for talented students, and the dozen or so programs
that make their mathematics teams the causes of tremendous pride and
higher expectations among their staff and students.




Without their vision, I doubt whether the leaders we met would be able to
devote the tremendous amount of tim~, thought, and energy to their
programs. And if they had failed a. leaders in sharing the vision with
their staffs, I doubt whether they, in turn, would be able to sustain
their own intense dedication.

C. Recommendations

Not all of the leaders we visited in our study vere catalysts for
improvement. Some department heads, for example, were good teachers, but
1i%tle more than functionaries or figureheads in their administrative
roles. We saw enough exemplary leadership at the program level, however,
to begin to think of mathematics leaders as a viable force for change and
to develop two basic recommendations.

Recommendation 1.

As Gene Hall points out in the quote cited earlier, training for the role
of department head is nonexistent. Maay of the topnotch leaders we ran
across are so successful, not because of training, but because of the
strength of their personalities. Much of what they do so well, however,
can be learned. The first recommendation, therefore, is that formal
training be made available to mathematics leaders, perhaps organized
according to -the six categories listed earlier from Fineran et al. and
concentrating on some of the benefits which qood leadership can evidently
bring to mathematics programs.

Recommendation 2.

There is a small but significant 1ist of items about which our exemplary
leaders were not in total agreement. For erample, we heard both sides of
the issue of whether to teach algebra in the eighth grade. Furthermore,
many of the leaders are highly enthusiastic about mathematics
competitions, but a few others wondered whether competitions don't
encourage the learning of tricks at the expense of learning how to do
mathematics. The 1ist continues, through opinions about computer
programming and software, the limitations of texts, and so on. There are
many issues about which even these exemplary leaders are divided in their
opinions. Hence, we recommend that there be some organized and focused
communication among mathematics leaders. Given the Olympian work
schedules of most of the leaders we visited, this recommendation might be
difficult to implement, but it seems important. It could take the form
of occasional local or regional roundtable discussions under the auspices
of the National Council of Supervisors of Mathematics or a series of
broader, foundation-funded conferences. In any case, it is important
that school mathematics leaders have some vehicle through which they can
talk and 1isten to each other.




Concluding Remark. In the past decade, we in mathematics education have
developed a litany of phrases we preach, a 1ist which includes
problem-solving, use of technology, mathematical applications, thinking
skilis, diagnostic teaching, and so on. How well each is finding its way
into the classrcoms is debatable. We believe that our study, as it
relates to leadership in mathematics and as it is funneled into the above
two recomnmendations, offers an exciting prospect for hastening the
process along.
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Table I

Some Leadership Features of Schools Visited

in

A Study of Exemplary Mathematics Programs

Schools 1-2" are high schools, including some with
Junior high grades

Schools 21-28 ure elementary, or middle, or junior
high schools
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SCHOOL

10

SETTING

large city high school

6-year-old magnet school, a large city

high school with 51 feeder schools

rural high school influenced by
nearby Ivy League college; mix
of rural and college familijes

an old, established academic high
school in a large city; a mix of

students from all over the city,

in grades 7-12

small school for gifted in

grades 7-12; loose connection with
universitv: strong academic

values ’

high school near a university and
a2 military base; some high
academic values. University ties
are helpful,

female private school for
grades 7-12; parents get involved.

4-year-0ld state-supported,
state-wide gifted school located
in a high tech area; grades 11-12.
The school specializes in science
and math but has stiff require-
ments in the humanities.

hich school in a well-to-do
suburb where mathematics is
quietly valued a lot

high school in small midwestern
city; parents are professional,
academic
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SOME LEADERSHIP FEATURES

This is the mathematics department chair'’s first year. Tremendous

energy and efforts are required to keep the program running smoothly --
dealinn with equioment problems, budget problams, etc. The chair
is avid to continue tradition of winning math team and Westinahouse
prizes; nlans new courses like numerical analysis.

The department head does not have much official clout. Until
recently, strong influence was the former principal, who is now
assistant superintendent. The department chajr fosters sharing and
and team spirit ameng staff, and she fosters enthusiasm for the
International Baccalaureate Program.

The department chair has considerable authority: he hires and
evaluates. He set up a resource center where staff can interact;
he was effective in securing budget approvals. He uses the

resource center to stimulate staff communication.

The chafir works tightly with the headmaster; there is a strong
mutual respect. The headmaster is a strong advocate for the math
department. Distractions for teéachers and students are hard to
remove in this old noisy school. The department chair and his
assistant are strong advocates for math competitions, The chair
models a deep commitment to the school's tradition of excellence;
he works long hours (6:00 am to 10:00 pm).

Not much managerial leadership. The department is small and
loosely structured. The department head feels 1ittle support from
above for the kind of proaram he has and wants to develop. The
department head's vision of matrematics education and instruction
are a deep part of the Droaram and its success. He thinks deeply
about "what mathematics oudht we be teaching?"

Staff §s run democratically: chair is rotated. The principal
noted, with disapproval, their inattention to "selling themselves"
to the community. Staff provide their own direction through
lunchtime meetings.

The department head shares some of hiring responsibilities with
the rest of the staff. He is influential in setting the tone of
cooperation among staff; he worked to bring staff together into
one building.

The department head is a dynamo; he appears to have tremendous
cooperation of the administration. He makes himself very visible
to them and argues persuasively for what he wants. He does all
the hiring, etc. The department head shows superb vision. He
fosters "teacher-as-learner” atmosphere and serves as a very good
model.

The principal and department iiead work closely to tighten and
facilitate management; well managed proaram. The department head
keeps standards high (e.q., leans on staff to enfurce homework
rules), delegates authority, and models effective teaching behavior.
He has excellent computer setup. .

The principal takes a no-nonsense approach to handling environment
and leaves teachers free to teach. In 7 years, he has turned
around the school's image. Evaluation is done by principal and
assistant principal, The department head is strongly committed to
keeping students from failing or dropping math; he person.1ly
reviews every record of every student.
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12

13

14

16

17

18

19

20

-y . .
i e e e 4

high school in upper middle
class community

high school in small city; the
nearby large university has some
influence, though not a
tremendous amount

an 8-year-old urban magnet school;
academic school which focuses on
math and science, music, and
performing arts. Many students
come from oil company families and
university families.

large suburban high school,
rapidly growing

large suburban high school in a
middle-class setting

suburban high school influenced by
local high tech industries

a new program in math/science

within a large inner-city high school;

parent volunteers

a small rural town in which the
mathematics team has gained fame

suburban community high school

high school in suburban community

which is very conscious of the success
of the math progqram through publicity

about the math team

-
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SOME LEADERSHIP FEATURES

The department head hires, supervises, and makes teachers earn
course assigmments; this is done fairly. He is a resource teacher
and visits zach teacher's class at least 3 times a year. He has
formed a close-knit, conservative depa~tment around his values.
His teachers say they are treated 1{ik2 professionals.

The department head works very closely with the principal and

the district coordinator. There is lots of strong mutual respect
and support. She has pushed for computer subport. She was cited
by her staff as an excelient listener and model. She strives to
maintain an atti{tude of "we are a team working toward a goal."

The department head has minimal authority; she is primarily a
*{jaison with the principal.” She seems satisfied with a rather
democratic apprcach. The school has a strong commitment to
keeping students in math and successful, but that vision is pretty
muc: a group-developed phenomenon. “We push stu. nts to stay in
math.

The department chair is primarily managerial. A core of 5 females
teachers really run the department. The chair spearheaded the
ambitious mathematics contest program. She is seen as
“nonautocratic, caring, and supportive."

In the past few years, there have been 5 changes in principal, yet
the school is smoothly run because the department heads run it.
The mathematics department head does outstanding job of delegating
authority, allowing staff to experiment with the curriculum. He
pushes them to meet often,

The superintendent is a strong advocate of the program and of the
coordinator with the board. The coordinator acts as department
head but loses some contact because of K-12 duties. The
superintendent and mathematics coordinator act in concert to
nurture professionalism of staff, The coordinater has taken
leadership in computer use, maintains good communication with
science department. The math staff shows a lot of initiative

of their own,

There have been 5 principals since 1975. The program arose
through collaboration between coordinator aid district coordinator
for mathematics.

The former principal and superinter.dent broucht success to the
program by developing, with the mathematics teacher, a winning
math team and changing popular perceptions of the program. The
vision of excellence through math team success is now sustained
by the mathematics teacher,

The department head works well with her staff;all are somewhat ant-gon-
jstic toward administration and have a sensa of goinqg it alone. The §
core members of her department admire her and share her vision

about keeping the quality of general math high, but they are almost
independent of her.

The department head stands way above other department heads in

the school in his effectiveness with the administration. He

gets what he wants (separate wing for matih department, hiring, etc.).
Department head has powerful visfon about the value of the math team.
He leans on staff to be involved with students outside of class;

gets most of staff together each day for lunch.
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SCHOOL

el

22

23

24

25

26

27

28

SETTING

Junior high school in
upper middle-class suburb

a middle school in rural Appalachia

an 8-year-old rural middle school

in a financially strapped district

grades 4-6 in a small city,

middle class, near a large university

suburban junior high school (grades
7-8), lower middle to middle class;
community is becoming appreciative
of math through newspaper coverage
and math t~am success

rural elementary school with
strong educational valuess
grade 6 only

grades 7-8 in small city;
comoletely individualized program

focus on grade 7-8 program for
talented students in junior high

in middle-class suburb fnfluenced by
high tech families

SOME LEADERSHIP FEATURES

Principal started "school-within-a-school” model and makes sure its
implementation works well, He is strong on delegating authority.

He fought school board successfully for funding of a gifted dirvectur.
The principal delegates much of the authority for curriculum,
diagnosis, and evaluation to his teams of teacher .. He works
closely with the superintendent to maintain high standards.
avid to expand and enrich the gifted program.

He 1is

There are strong bonds of communication and mutual respect among

the 4 math teachers, the principal, and the assistant superintendent
in charge of curriculum. The assistant superintendent reads,

sends ideas to math staff who ponder, buy pieces of it, and
implement. Administrators openly encourage and demonstrate their
regard for teachers' innovations in the curricolum.

Principal is an active and open planner who makes plans for the
school explicit to staff, The school is run on a "school-within-
a-school” model called "rivers." The principal gives teachers in
each of the 4 rivers a fair amount of autonomy, even in hiring.
The superintendent talks with teachers about what he plans to
discuss with the school board.

The principal and district math coordinator have worked together

to implement K-6 adoption of CSMP math curriculum. The principal

has shuffled teachers to move toward subject specialization.

There is a bit of staff resistance to both CSMP and specialjzation

that he glossed over in making changes take effect, Both the

principal and district coordinator are strong advocates of innovative
math curriculum, especiaiiy of CSMP. They support and encourage
teachers to be jnnovative, to adapt to CSMP, to interact professionally.

The principal keeps the school quiet, orderlv. The superintendent
provides much of the instructional leadership. He has developed an
extremely well-managed program of curriculum revision conducted by
the teachers on Saturdays. The superintendent has infused the
teachers and the community with enthusjasm for turring math program
around. Math teachars also get quiet, solid leadership from
chairman, who is both a lawyer and union representative,

The principal is a strong leader who sets high expectations, disdains
compensatory programs as interfering with high expectations.

Frequent progress reports are sent home (the principal's way of
keeping ties with parents strong)., She facilitates the implementation
of the schoolewithin-a-school model,

This is a state demonstration program with a director who handles
some of the administration. The department head supervises
curriculum reform, works closely with the principal. The principal
instituted meetings of department heads as group, to improve
communication. She believes in “teacher as leader" concept; sent
her staff to Madeleine Hunter training.

The department head is a perfunctory honor; has the same teaching
load as everyone else; does not observe teachers. The teacher
who designed the program got morey from the district to develop
the program during the summer.
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Robert W, Cole, dJr,

Editor

Phi Delta Kappan

Eighth Street and Union Avenue
Box 789

Bloomington, Indiana 47402

Dear Mr, Cole:

Thank you for your note, I have enclosed a copy of the
article I hope you will publish, After a dozen or so years
in and around mathematics education, I have absolutely no
doubt that it addresses an issue of critical importance

in our country,

I hope that you decide to publish it. After a conversation with
Ken Travers the other day. I reqrec that 1 didn't send you

this in time to appear in the issue with his article on the
International Mathematics Study. Juxtaposed, I think the

two articles would give readers much to ponder,

S1ncere1y.,
Al g 2l

Mark Driscoll, Ph,D,
Principal Investigator
A Study of Exemplary Mathematics Programs
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Teaching the Mathematically Talented:

Three American Programs

In Hungary, talented young mathematicians are considered a precious
national resource. From what I have heard and read, this attitude has
influenced educatioral decisions for decades, with the mathematically
talented receiving the best availabie in curricula and teaching. The
policy has paid dividends, as anyone can attest who follows international
mathematics competitions or is familiar with the roster of important

mathematicians of the twentieth century.

I am not aware of any controversy in Hungary surrounding this commitment.
If that is the case, then the country is truly exceptional, because
educating the talented is generally & task fraught with challenges. In
the Soviet Union, Marxist ideologues officially bristle at the thought of
recognizing any kind of elite. Yet, with science being the lifeforce of
the Marxist philosophy, the Soviet government dances around the issue,
rationalizes away the conflict, and nurtures its elite in mathematic> and
science anyway. In the United States, our own ideology is not of this
rigid variety, yet our commitment to universal education, combined with
local school budgets which are predominantly very tight, lead in most
school districts to half-hearted attempts to meet the needs of talented

students or, worse, to no attempts at all. More than one school
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administrator has had to scrap plans for talented programs when the cries

of "elitism" began to rise.

. Making matters worse in mathematics is the nature of the subject matter,

which seems (not is, but seems) confined to the lockstep approach given it
by the vast majority of teachers and textbooks. This is the result of two
misconceptions heaped one on top of the other. Since mathematics appears
to be developed by mathematicians in an orderly progression of
fact-proof-new fact (this is the first misconception -- the incisive work
of people like Lakatos (1) present the development of mathematics as much
more lively and disputatious), then that-orderly progression must be
reflected in the way students learn mathematics (this is the second
misconception -- reams of research attest to the individual stamps
students put on their construction of mathematical understanding (2,3)).
A1l students are robbed by ths rigid and misguided approach to mathematics
curricula; talented students in particular are robbed because the approach
to teaching them has traditionally been, "Give them more of the same, but
give it to them faster." Often, such accelerated programs prope:
students, still wet behind the ears, into college at the age of sixteen,
with 1ittle preparation to do mathematics the way it should be done --
with an overview of the field and its applications, with flexible thinking
about the issues and problems which arise, and with a set of heuristics

for facing the unknown.

Interviews with notable mathematicians have occasionally revealed that
they feel they succeeded in spite of the courses they took (including some
of the Hungarians, thus showing that even that country does not have t--
final answer). Writers, artists, and musicians might say the same thing,

but that does little to lessen the sadness of the statement. Is it
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inevitable? No, it is not. We have recently studied several programs
that inspire as well as train talented matr matics students, and this
article tells the stories of three of them. But first I need to provide

some background information.

For tiie past two years, we at the Northeast Regional Exchange have been
engaged in A Study of Exempiary Mathematics Programs, a research study
funded by the National Institute of Education. We studied a variety of
school programs with track records of exceilent student outcomes in
mathematics for grades 4 through 12. We visited 28 of these programs in
16 states and the District of Columbia, and we studied others by phone and
mail. Our goal has been to uncover some of the factars and conditions

that have brought these programs to their exemplary standing.

We deliberately chose a pool of excellent programs which varied in
setting, size, and student population. Some were s.aal?, pocr, rural
schools; others large, urban schools where money may or may 1t be
available if the righ% strings are pulled or the right buttons are pushed;
still others were suburban schools with access to a comfortable amount of
financial resources. Three of the programs -- the three I want to discuss
in this article -- are high schools designed for talented students (there
were others which are also selective, but the three described here are the

most selective).

The three are very different from each other and so are exciting because
of the different possibilities they represent. They also havc some basic
elements to their success in common, and So are even more exciting because

of the focus this gives to their chances of replication. Most exciting of
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all, perhaps, is the conviction left by visits to these programs that they
are a rich source of ideas and examples for regular school programs as

well as programs for the talented.

We have written full case studies of the three programs (and of other

exemplary pregrams we visited, as well). From each of those case studies,
I have adapted an excerpt which briefly describes the program's background
and students. Following these descriptions is a discussion of the factors

that affect the program's success most strongly.

(Note: By agreement with the National Institute of Education, we are
committed to maintaining the anonymity of the programs we studied. Only
the school names and the names of individuals are disguised, however. The
rest of the program information is accurate. Indeed, readers who are at
all familiar with American school programs in mathematics will probably be

able to identify one or more of the programs.)

Background: School A

School A is a specialized public school in a large Northeastern
metropolis, a comprehensive school which students enter through a very
selective entrance examination. They represent the intellectual cream of
the city's young peopie_ and the quality shows. The school is a perennial

contender for the nation's most prestigious prizes in school mathematics.




The students' talents and interests are wide-ranging, as evidenced by
their more than 70 extracurricular clubs and organizations, including the
traditionally serious, like Chess Club and the Bio-Med Seminar Society,
as well as the imaginative and frivolous, such as the Mad Scientists Club

and the Sports Collectors Memorabilia Club.

The school, which contains approximately 2,500 students, is housed in a
narrow five-story building, and the hourly flow of students and teachers
up the up-staircases and down the down-staircases adds to the impressive
energy level in the school. As in all the city's schools, the
entranceway is monitored by uniformed guards, a precaution that, however
necessary, still seemed excessive and out of place because of the healthy
and friendly energy in the hallways and the businesslike intensity in the

classrooms.

The energy and.intensity are consistent with School A's impressive record
in mathematics: approximately 300-400 students a year in Advanced
Placement calculus courses, with average scores well above the national
averages in both the AB and BC Advanced Placement exams; 3 winners of
Westinghouse Science prizes, all in mathematics, in the past decade; top
ranking more often than any other school in the past decade in the
American High School Mathematics Examination. SAT scores,
extracurricular involvement, and upper-level course enrollments all add
testimony to the exceptional talent and enthusiasm of the mathematics

students.
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The program's success does not hinge on the quality or the quantity of
its educational materials. Quite the opposite. The word "decrepit” was
used by the district's computer coordinator to describe the school's
computer facilities. According to one of the teachers of computer
courses, several of his colleagues were ready to leave the school because
of the state of the equipment. Furthermore, two teachers bemoaned their
having to carry chalk and erasers from classroom to ciassroom in order to
effect a crisp beginning to their classes, free of the need to scrounge
and search that apparently haunts those who are less prepared. Talent
and tradition buoy the mathematics program at School A, but money and

material resources are sorely lacking.

Background: School B

School B is a small school for talented students (graduating around 40 a
year) with a tradition of excellence reflected in its alumni rolls, a
list which boasts a couple of Nobel Prize winners and several famous
authors. It is also a school in transition, and the strain of transition
could undermine some of the qualities that have made it shine -- in
particular, the exemplary mathematics program which drew us there for a

visit.

Originally designed to be part of the college of education of a large
Midwestern state university -- a laboratory gifted school for the
training of teachers and the implementation of new ideas and new methods
-- School B became semi-detached from the university several years ago.
It is no longer part of the college of education, yet the university

still maintains some control over the school. Indeed, a university

6
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faculty committee has spearheaded the program to give the school a new
footing and new direction. A university mathematics professor has been
named to be ianterim director on a half-time basis. Now financially
independent from the university, the school has been able to pick up
sixty percent of its operating budget from the state (a set-aside fund
for laboratory schools). There is no tuition, so many parents have
cnipped in with donations (the norm is $1,000 per family) and thirty
percent of the operating budget has been covered in this way. The
remaining ten percent is "scraped together,” in the words of a parent,
and the university helps with the building overhead. The distribution of
these numbers speaks to the underlying sense of some dislocation among

its staff and supporters as School B restructures itself.

It is a time during which staff, parents, and university faculty are
asking basic questions about the school: Do we stress acceleration over
depth in our curriculum? Are we doing as much as we can to identify
those students who require a slower pace and more direction? The

questions themselves are healthy; quite often, however, the questioning

- process has left its scars on the school's staff. The challenge facing

those involved in reshaping School B is clear: through all of the
questioning and wrangling, the exemplary aspects of the program -- in

particular, in the mathematics program -- must be retained.

School B begins at the seventh grade and runs through the twelfth grade.
The eighth grade is omitted, however, since it is felt that enough is
covered in the seventh grade to consider the second year of the school
the ninth grade. The students come to School B typically three years

ahead of their peers in the local county. By one teacher's estimate,
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about two-thirds of the students come from families where at least one
parent is a university faculty member or is of similar professional
standing -- doctors, lawyers, and so on. The school itself shows no
signs of special privilege, housed as it is in a brick and stone
structure that would satisfy anyone's set of criteria for "the typical
American school building." In part because the school underplays its
role in keeping order and setting discipline, the hallways reverberate
with noise -- much of it serious, intellectual conversation, out just as

much arguing and joking, with a smattering of light wrestling thrown in.

Background: School C

The buildings that now house School C used to house a state hospital.
Acres of space and stately oaks still suggest the restfulness of a
hospital but, in doing so, they belie the environment within. Whatever
peace and tranquility used to reign in the hospital's rooms and hallways
are gone, replaced by an intellectual energy that seems both pervasive
and neverending. Teachers and students thrive on the energy and on their
contact with each other; and because School C is a bvarding school with

teachers who log long workdays, that contact is extensive.

School C began in 1980, with the special support and funding by the state
governor's office, as a statewide school for 11th and 12th graders deemed
talented in mathematics and science. The approximately 400 students --
carefuily chosen to represent z cross-sampling of the state's population
-- 1ive at the school and are completely subsidized for tuition, room,

and board. The program's cost has not been cheap: state coffers provide




3.5 million dollars a year. (Ninety percent of the operating budget is
state-financed.) To offset the cost to the state, the school's
development office has raised more than 7 million dollars from private
sources, many of them companies represénted in the technologically
fertile area where the school is iocated. Federal support has been
minimal, despite the original intentions of the school's designers that
the federal government share equally with the state and private sources

in the running uf the school.

The students at School C are clearly exceptional, but teachers and
administrators were careful to inform us that they are not necessarily
the top students in the state. According to the school's dean, "Less
than 50 percent of the student body could be described as gifted." This
is a result of the multiple criteria used to select students, which aim
for a balance by race, sex, and geographic distribution through the
entire state. To bring together these young people is an ambitious
undertaking, especially since the state's profile extends from several
large cities to a broad expanse of rural communities, a mixture made even
more complex by the Southern history of racial polarization.
Consequently, there is an elaborate selection process that combines
nominations, interviews, testing, and then more interviews. Generally
there are around 800 applicants for 200 places in an incoming class, and
the resulting student population runs the gamut from the confident and
gifted to students whc, despite their previous records and proven
potential for further success in science and mathematics, are

conservative, cautious, and even a bit intimidated.



Distinctive Features

Programs A, B, and C differed from each other in some substantial ways.

" For example, School C has employed several careful strategies to identify
and take care of any serious emotional needs that might arise in its
students. In particular, there are student support groups run by a
strong guidance department and each student is paired with a faculty
advisor, for the most part resulting in useful relationships. On the
other hand, Schools A and B provide 1ittle such attention to the

emotional needs of their students.

This is too confined a space in which to elaborate on the program
differences; a full reading of our case studies can provide this
information. Instead, I would 1ike to concentrate on the several threads
of similar strength that run through these programs: Curriculum

Features, Teacher Behavior in Class, and Teacher Activity Out of Class.

Curriculum Features

School A: The guiding principle behind curriculum development in School
A's mathematics program has been to provide the content that will meet
the needs of their special student population. Because both talent and

experience are assumed for incoming students, most of the attention has

been focused at the upper end. Two new courses were introduced this




year, programming in Pascal and advanced calculus, and when we visited
the program, the department head was already talking about a new
numerical analysis course for next term, if he could find someone to
teach it ("though I may end up doing it myself."), and more Pascal
sections. In the recent past, the department has offered courses in
number theory and the history of mathematics. For students who began the
SSMCIS Unified Mathematics curriculum before entering the school, there
is a Unified Mathematics curriculum strand in the program. The variety
of mathematics courses was richer at Schocl A than in any other pregram
we visited. Even within the school, the variety stands out; I was
informed that the mathematics department offers more courses than any

department in the school.

School A's teachers use textbooks, but no teacher I observed seemed tied
to the text. In the geometry class I visited, the teacher developed his
own treatment of indirect proof. The honors precalculus teacher led a
discussion about converting graphical representations of conic sections
to equations; his students dutifully took notes during the discussion
and, as several mentioned to me, it would be their notes rather than the
text that they would appeal to for their homework. One of the computer
teachers told me that all of the computer courses were being taught from

teacher notes rather than textbooks.

The mathematics program tiirives on the development of courses as
sophisticated and c. allenging as the students can handle. Hence, it
relies on teacher development beyond the texts and on the self-motivation

of students. Most students enter the school in their freshman vear; a
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smaller percentage of sophomore transfers are admittec every year, but no
transfer students are admitted after sophomore year. There are no honors
courses for first-year students; the honors program begins in secend
_semester of the second year. The students are expected to pass the state
achievement exam in intermediate algebra and trigonometry before they
graduate, but that requirement puts little demand on most of the
students. In a school that admits between 500 and 600 freshmen each
year, there are but 3 sections of elementary algebra; the large majority
have taken algebra in junior high school and get very quickly to

trigonometry.

School B: An emphasis on understanding mathematics, as opposed to merely
being able to use it, is one of the distinctive features of School B. It
is a pedagogical principle often pr=2ached in this country, but it is hard
to imagine a more thorough or consistent attempt to put it into practice
than that observed at this school. It is the bedrock of the curriculum
developed primarily by the department head. The teachers place minimal
value on students' being able to regurgitate memorized material and they
avoid an algorithmic approach to teaching mathematics; instead, they
place a premium on students' taking the time to reconstruct formulas and
other constructs on the basis of understanding. In the words of the
department head, "We work for a deeper understanding of key concepts, and
for more comprehension of the heuristic planning that ought to guide many

decisions during the process of analyzing a problem."
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The central role given to understanding implies another distinctive
feature of this program -- usc of time. Again, the words of the
department head: "We have based our notion of use of time on the belief
“that ordinary curricula squander time on easy topics. We try not to.
Instead, gt any point a class will take time to review a topic, or to
look at it more deeply, or to look at it in more minute detail, if that
seems appropriate.” As an example, he mentioned that logarithms are
typically approached in four different ways in order to heighten
understanding. He tells the other teachers to rely on their instincts

and to "use your time where you need it."

Though the philosophy of teaching for understanding and of using time as
an ally in this process extend throughout the curriculum, it finds its
richest manifestation in calculus. It is an innovative course which
begins, not with the nction of differentiation but with integration -- in
particular, as it represents the work done in compressing a spring. From
the posing of that initial work problem, students are led into a view and
appreciation of calculus that few other students in this country get. It
is a challenging regimen, as evidenced by the department head's statement
about the homework policy espoused in the course: "We use small,
bite-sized tasks only occasionally -- to avoid allowing students to
succeed in doing homework without thinking about it." Instead, students
are assigned problems which require time and thought to solve, and which
often connect the mathematics to the real work in imaginative and
memorable ways. During an interview I had with a program graduate, he
was able to recall one such problem, word for word, and the chalienge in

solving it even though it was four years since it had been assigned.
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School B's teachers have found that not all of their students display
exceptional proficiency in mathematics. Consequently, they try to

maintain a two-track program. Again, the words of the department head:

"Past experience has demonstrated that those students who are
mathematicaliy gifted usually reveal themselves early in the seventh
grade. This is not a matter of opinion, but of fact. Consequently, we

try to begin the two-track program before tﬁe end of the seventh grade.

"For the faster track, the curricuium consists of algebra in grade seven;
more advanced algebra, including trigonometry, in grade nine; geometry in
grade ten; and calculus in grades eleven and twelve. A few students
sumetimes take one or more math-related courses in addition to this, such
as the course in finite mathematics, university courses in computer

science, or university courses in mathematics, physics, or chemistry.

“For the alternative track, the seventh grade program is also algebra,
but -- from the time wheri a ceparation is made -- the pace of the course
is somewhat slower. The ninth grade course is again similar, but with a
slower pace. Grade ten is devoted to geometry. Grade eleven is a
'pre-calculus' course that reviews and extends the work in algebra,
geometry, and trigonometry. In grade twelve, students may begin calculus

(if they appear to be ready), or may take finite mathematics."
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School C: As noted above, School C includes only the 11th and 12th
grades. Students who are admitted to the school have had algebra II in
their previous schools, but for some of tham, that background is
inadequate; so the school offers several courses which cover algetra II

plus aspects of trigonometry and precalculus.

All students are required tu take precalculus, which is the acknowledged
"center of the curriculum," and the staff's careful thinking about the
course has determined their thinking about the rest of the mathematics

courses, as well. The precalculus syllabus contains 6 pages of topics

alone, and the staff is united in their notions about approaching those

topics. As the department head described it: “We avoid stressing facts,

memorization, and the traditional theorem-proof approach. Instead, we
aim for a discovery, think-it-through approach.” There is much that
unites the school's mathematics teacners, but their unity on this

pedagogical appr~nach is especially rock-solid.

The attention to how students learn in their mathematics courses extends
beyond precalculus and, in fact, has influenced staff decisions about
what students learn. The prime example is in programming where courses
in BASIC have been replaced by courses in LOGO. The teachers seemed
unanimous in their opinion that, with its emphasis on programming
structures called procedures, LOGO is superior in inducing students to
think about "What do I need to know" in order to solve a particular
problem. As if to underscore the wisdom of their decision during our
visit, a student reported to one of the teachers, ":'m doing much better

in math now that I treat problems as if they were LOGO programs and break

them up into pieces."
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Teacher Behavior In Class

"In all three programs, teacher behavior in class is consistently

exemplary in two aspects:

o challenging questioning

o coaching and setting high expectations

challenging questioning: Nothing can illustrate the quality of these

questioning patterns as well as the following examples -- samples of what

we heard during our site visits in a variety of classes:

School A -- "How do you begin the analysis of this graph?"
"what construction does this remind you of?"

"What would you have to do to prove that?"

School B -- "Why should we be concerned about ratios in geometry?"”
"What makes these problems particularly hard?"

"How can you tel1?" -- asked again and again in class

discussions.

School C -- "How many of you think you can take log base two of both
sides of an inequality and preserve the inequality? Why or
why not?"

"What would that tell you about the lines?”

"8i11 says 4. Tom says 5. Why the 42 Why the 57"

16205




These questions, no matter the setting, the content, or the motives, had
the same end result -- the studerts were required to think and discuss.
The last one, in particular, is especially instructive. The teacher was
not letting on whether the 4 or the 5 was the correct answer, but
focussed the students' attention instead on whatever process might have
produced two answers so close to each other -- i.e., on the mathematics
involved, not on the answer. There is nothing about these questions that
has a "talented" tag attached to it. They are the kinds of questions

that all mathematics teachers ought to be using.

coaching and setting high expectations: In these 3 programs, students

are consistently made to realize that a lot is expected of them --

1. that they think and explain clearly (Examples: "I think I understand
your question, but others do not. Try and rephrase it." =- School C.

"You can give a better answer than that." -- School A.)

2. that they act responsibly about their own learning (Examples: “Those
of you who are still having trouble with this -- about half of you --
find someone in the class to work with you on it. I'11 give you ten
minutes to work in pairs on it." -- School B.

"We try to impress on the students that they ought to look to
themselves first, before they go to blaming teacher, book, or

school.” -- teacher interview at School C.)

Furthermore, the teachers communicate high expectations indirectly, too.
School B has its pervasive and consistently used strategy of expecting
students to rederive formulas and to reconstruct their understanding of
concepts, instead of appealing to memorized formulas. School A's
teachers expect that students can and will start to put homework

solutions on the blackboard even before class begins.




Teacher Activity Out of Class

- At School A, the hustle and bustle and the fact that teachers have

neither offices nor homerooms make individual student contact very
difficult. Time outside of class is concentrated in extracurricular

activities. My site-visit notes relate the following:

In order to watch the math team in action, I had to arrive at 8:00,
an hour before classes begin, when the nearly 70 students who make up
the A and B teams arrive every day of the week, some travelling on
public transportation for an hour and a half. The chairman said that
the session I watched was typical: the group divided into 2 smaller
groups, juniors and seniors in one, freshmen and sophomores in the
other. Both groups were run by students, one male, one female, who
led discussions about problems just encountered in a surprise quiz,
although the word "quiz" hardly fits, since, judging from their
enthusiasm, these young people apparently thrive on being challenged
to stay sharp. Obviously, the school’s superb team record is built
on hard work and sacrifice as well as talent. And pride . . . The
chairman told me that many team members stay in touch with each other

after graduation, much the way champion cports team members do.

There are other manifestations of enthusiasm for mathematics beyond the
classroom. During my visit, every bulletin board in the school contained
an invitation to attend an 2fter-school lecture on problem solving in
geometry by a mathematician from one of the city's universities. The
teacher in charge of such lectures (one occurs every couple of weeks) was
confident that 200 students would attend.
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School B's teachers have only informal contact with their students

outside of class. All of the teachers have desks in the same open area,

"and students are free to spend time there, even for casual conversation.

As one student told me, "This is the way we get known by them. They find

out what we know and what we don't know."

At School C, a student stunned us by saying, "I can usually get nelp from
one or the other of the math teachers anytime between 8 in the morning
and 10 at night." Even taking into account that this is a boarding
school, and so students have reason to be around at night, this is an
amazing piece of information and speaks to the generosity of the

teachers. They always find time to help students.

In addition, three women teachers run a very popular club for female
mathematics students, an enterprise which resulted from interviews with
several girls a few years ago that revealed how intimidated they felt in
class with so many talented boys -- often perceived as aggressive -- no
matter how talented they themselves were. The resulting patterns would
be familiar to teachers in other mathematics programs: boys dominated
discussions in the classroom and dominated the use of computers outside

of the classroom.

The women teachers convened an after-school session for female students,
allowed some airing of feelings, and suggested they meet on a regular
basis. They have continued to meet and the group has evolved into a

popular club where, according to one of the three women teachers, “iWe
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raise their consciousness about the importance of asking questions in
class. We discuss and practice some of the tricks the boys have learned
in order to succeed, and we have established some problem-solving
groups. Several boys have begun to show up for the meetings, and the

girls decided to let them take part." One effect of the club has been a

tendency toward balancing the computer use among male and female students.

Conclusion

I think that there are two important lessons in what we learned from
Schools A, B, and C. First, they are living proof that successful
programs for the mathematically talented can take on many forms. For
example, 1ike School A, they can rely heavily on textbooks or, 1ike
School B, they can choose to avoid them whenever possible. They can be
deeply committed to frequent staff interactions about content and
students, as is School C, or they can get along with them, 1ike the
crowded and tight-scheduled School A. 'They can thrive in the arena of
formal mathematical extracurricular activities, 1ike School A with its
superb mathematics team ard record of Westinghouse awards, or they can

have 1ittle to do with the arena, like Schools B and C.

Second, while there is no doubt that the special talents of their
students make it more inviting for programs A, B, and C to implement
their innovative and distinctive characteristics, there is nothing
inherently exclusive about most of these characteristics. They can and
should be part of more typical, comprehensive programs, 2s well.

Furthermore, the challenging, nondirective questioning patterns and the
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coaching seem essential to the success of programs A, B, and C (and they
are definitely exceptional in American education), but we witnessed the
same kind of teacher behavior in many classrooms in other exemplary, but

nonexclusive, programs we studied.

As further examples, School C is finding LOGO to be an excellent vehicle
for learning mathematical heuristics in high school, and they are also
taking careful steps to deal with the anxiety felt by many young women in
competitive high school mathematics courses. Where is the indication
that these efforts can succeed only with talented students? There is
none, of course; the practices are models for all schools. As a final
example, Schonl B's teachers take pains to develop in their students a
nose for recognizing where mathematics can appear, often surprisingly, in
everyday experiences. Not every student can develop such a nose -- and
not every teacher would be comfortable taking on the instructional
challenge -- but there are many teachers and students not in programs for

the talented, who could thrive with the experience.

Our country sorely needs models for the talented, like programs A. B. and
C -- programs that offer more than the simplistic but common strategy,
"Give them more of the same, but faster." But it is shortsighted to
focus on the elitism in these programs. For one thing, to do so is to
ignore that many of their students are not particularly gifted in
mathematics. More importantly, it ignores the experimental value of such
programs. They are viable laboratories for testing ideas, methods, and
materials that can enrich the mathematical education of most American

students.
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There are several ways whch cume to mind whereby we can capitalize on the
modeling potential of these programs. First of all, because of their

intensely busy schedules, the teachers in the 50 exemplary programs we

-studied rarely, if ever, get to sit with each othér and share ideas. To

those of us with the luxury to visit these programs, it is evident that
they can learn quite a lot from each other. It is in the national
interest for someone -- the federal government, a corporation, or a
foundation -- to bring these people together for that sharing and so that
they might work to define and plan the exemplary mathematics programs of

the future.

Secondly, since much of the excellence of these programs derives from the
behavior of their teachers, it would benefit teacher-training programs
tremendously to have a videotape illustrating the exemplary teaching
behavior. Once again, it is in the national interest for such a

videotape to be made and made available.

There is a common reaction in this country which dismisses information
about mathematics programs like those at Schools A, B, and C with remarks
like, "Oh sure -- if we had students and teachers of that caliber, we
could get those results, too." It is time to look beyond such
short-sightedness. The teachers in Schools A,B, and C are experimenting
with curriculum ideas and teaching strategies which can apply well beyond
their special students. Let us begin to look at what the programs are
doing right, and make good use of the information to improve the quality

of all American school mathematics programs.
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source of support
for operating

budget

grade levels

number of students

number of

mathematics

teachers

age of program

method of student

selection

some distinctive
characteristics
of mathematics

program

School A

ochool B

100% city school

9-12

circa 2,500

23

has grown with city system

city-developed examination

e highly successful extra-
curriculars

e large number of courses --
text-based but teacher-
supplemented

60% state
407% privately collected

7, 9-12
circa 180
4

about 1l years in present form

school-developed exam
(changing to nationally
standardized exam)

e curriculum based solidly on
student understanding and
on a commitment to
connecting mathematics to
the world

e teaching style stresses
coaching and student use
of heuristics

School C

- }.-_.._.. i ea st e wam mmvea e e v o oo = — el es

90% state
10% private and federal

11, 12

circa 400

8

the school and program are
4 years old

process of nomination,
interview, examination,
and matching with
geographical, sex, and
ethnic criteria

e strong and extensive
support structure for
students

e closely cooperative and
interactive staff

e nontraditional high
school computer
programming courses
(e.g., LOGO,'"C™)
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December 11, 1984

Joseph T. Newlin

Rural Education Association
300 Education Building
Colorado State University
Fort Collins, CO 80523

Dear Mr. Newlin:

I have enclosed an article for Rural Ecducation. It

is a brief case study of one of the mathematics programs
we visited in our Study of Exemplary Mathematics Programs,
a national research project conducted by the Northeast
Regional Exchange for the past two years with funding from
the National Institute of Education. I have included a
brief overview of the study as an introduction to the
story of Deer Run, and an additional introductory page
which adds some perspective to the story.

I hope that you will be able to use the article for

your journal. I believe that there is much to appreciate
and to be learned from the story of Deer Run's success

in mathematics.

Thank you for your consideration.

Sincerely,

Mark J. Driscoll, Ph.D.
Principal Investigator

encls.




RURAL SCHOOL CASE STUDY
from
A STUDY OF EXEMPLARY MATHEMATICS PROGRAMS

Mark Driscoll, Ph.D.
Principal Investigator

e Brief Overview of the Study

¢ Deer Run Case Study
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A Study of Exemplary Mathematics Programs

Background

Begun in December 1982 at the Northeast Regional Exchange (NEREX) and
funded by the National Institute of Education, this two-year project was
designed to: (1) collect a pool of exemplary programs in pre-college
mathematics beginning at grade 4, (2) examine a portion of that pool in
considerable detail in order to hypothesize what factors are associated
with their exemplary qualities, and (3) provide a systematic means to
test those hypotheses on a larger sample of programs.

Candidates for the study were self-nominated. Approximately 150 programs
from around the country sent us evidence of their excellence, and most of
them worked with us in follow-up phone interviews to supplement the
information. The evidence we sought was targeted to student outcomes.

In particular, we looked at standardized test scores, the percentages of
students taking critical mathematics courses, the intensity of
involvement in extracurricular mathematics, and any associated measures
of success such as awards or contest results, and the extent to which
graduates enter technical fields requiring mathematics. In addition, we
looked for evidence of success with female students and with students
from several minority groups.

To be a candidate, a program must have been in operation for more than a
year. It did not, however, need to be a comprehensive program. A
sizable minority of candidates were partial programs, some targeted to
remedial students, others to honors or gifted students. A few schools
submitted computer instruction progams that they considered exemplary.

When the pool was complete (approximately 150 programs), we convened a
meeting of expert consultants to guide us in analyzing and using the
evidence. The expert panel rated the programs and, once they were rated,
we were able to select programs for site visits from among the top-rated
programs. The top programs were rich in variety and, since we intended
to study a cross-section of programs, we were delighted to be able to
choose 28 exemplary programs that ranged across 16 states and the
District of Columbia. The group comprised schools of all sizes, in
rural, suburban, and urban settings and, because some of the schools were
multi-leveled, we were able to visit 20 that included high school grades,
9 that included junior high school grades, and 6 that included at least
one elementary school grade. (The relative proportions were roughly the
same as the proportions of school levels in the entire pool.) Of equal
importance to us, the group of progams selected included at least several
schools in each of the categories of excellence outlined above.

The 28 site visits took place during the Fall of 1983 and permitted us to
hypothesize what factors are associated with excelience. They also
resulted in a set of case studies of some of the programs visited.




,,,,

The follewing case study, 1ike th2 others which have been derived from A

Study of Exemplary Mathematics Programs, preserves the anonymity of the

.school and individuals involved. There is good reason in this case,

however, to stretch the anonymity a bit and to name the state which
contains the community we have called Deer Run. It is I1linois, a state
whose professional mathematics teacher organizations have done a
marvelous job of fostering enthusiasm for mathematics competitions, and

so have played a key indirect role in the Deer Run success story.

As we note in the case study, competitions as vehicles for learning are
not without their critics. They worry that, by teaching “"tricks" to
solve the contest problems, competitions reinforce the wrong impression
of what doing mathematics is and should be all about. In our opinion,
there is some validity in the fear, but the danger for most programs --
especially remote rural programs like Deer Run's -- is far outweighed by
the pride and enthusiasm engendered by success in the competitions, which
invariably leads to greater participation in mathematics programs by both
teachers ard students. We have talked with other I11inois teachers whose
programs are actively involved in competitions, They relish the
opportunities to visit with each other and to learn from each other that
are afforded by the competitions. Their communities take greater pride
in the programs, and that pride eventually filters back to help the

programs.

We saw competitions being used just as successfully in other places, such
as California and New England, but nowhere did we see them used as well

for the benefit of small rural schools as we did in I1linois.
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DEER RUN

”Résu1ts follow perceptions. The way to improve a program is to change
people's perceptions first. Then good results will follow."
Former principal, Deer Run High School

subsidized by underpaid women 1ike her."
Present principal, Deer Run High School

By standards set at many urban and suburban schools, Deer Run's high school
mathematics program might not be considered exemplary at all. Relatively few
courses are offered and, while test scores are good, they do not shine very
brightly when taken out of context. Context was important in our study,
however, along with absolute standards for e:..cellence; we sought out programs
that far exceed expectations for success in their particular settings and with
their particular students, as well as programs that would meet anyone's
criteria for success.

By this standard, Deer Run was a welcome addition to our study, an exemplar of
an important yet fragile commodity in this country -- successful mathematics
programs at tiny rural high schools. Like the small farms that surround them,
these programs usually have meager financial resources, and they struggle.
With the spreading teacher shortages in mathematics, their struggle has become
especially acute: often, the well-being and even survival of a program
revolves around one person. Should that person leave the program or become
i11, the students must do withcut all but the most basic of mathematics
courses until a substitute can be found, someone who has the appropriate
background and is willing to work in a small town for 1ight pay.
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Deer Run has shown that one way -- perhaps the only way -- out of mediocrity
for such programs is a combination of enlightened leadership and dedicated
teaching that, together, squeeze the most out of available resources. The
leadership found a mechanism -- team competitions -- to convince the school
and even the Deer Run community that there was more potential for success in
mathematics than they believed, and the teaching took a bit of newfound
success and worked it into an expected pattern. Now test scores and course
enroliments are up, spurred upward by the general enthusiasm for mathematics
competitions. The drive tc overcome mediocrity in Deer Run's mathematics
program is by no means complete. There were rough spots -- for example, some
of the teaching behavior we observed -- that cut down on the program's glitter
for us. Even so, all of the problems we noted are surmountable, if conditions
continue to invite the staff to experiment with improvements. Those
conditions are anything but assured. The fragility that haunts much of rural
education continues to hover over their established pattern of success, and
makes Deer Run's struggle to sustain their success an especially heroic
American educational story.

Background

Deer Run is a small Midwestern town of 1100 people, set in the middle of corn
and soybean fields. No building in the town exceeds three stories except for
the grain elevator and that, in classic fashion, looms for miles from its
perch next to the railroad tracks. The houses along the main street, all
freshly painted white in celebration of the town's 150th anniversery, add to
the town's special, simple appeal.

Mr. Atkinson, the high school principal, described Deer Run as filled witn "
strong Protestant ethic and Dutch blue-eyed conservative families." It is a

a

stable community, as well -- seventy-five percent of last year's high school
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graduating class were schooled in Deer Run since kindergarten. Most of the
high school's 18 teachers are also from the immediate area. Familiarity and
roots are about the only attractions that can offset the town's low teacher
saliries.

Though Deer Run is small, its school district covers a 62.5 square mile area.
The high school contains 190 students in grades 9 through 12, most of whom
Jive on farms in the area. The demands of farm 1ife, coupled with the
distances traveled to and from school, understandably cut into students'
attachments to school. In addition, the common practice of passing farms from
parents to children has traditionally cut into school ties even more,
especially as those ties were linked to postsecondary education. But lately
there has been a turnaround in Deer Run. When Sam Walker, Deer Run's former
high school principal and superintendent (and now superintendent in a larger,
neighboring town), took over the high school nine years ago, only 4 of 45
graduating seniors were going to college. In 1982-83, 18 of 39 chose to
continue their education beyond high school.

In a community 1ike Deer Run, which has few college graduates besides its
teachers, such a change is revolutionary. In part, as a recent series in the
Wall Street Journal made clear, the change can be explained by the social

fabric changes in farm communities in the past decade. Farming remains a
viable 1ife for fewer and fewer young people, and they are obliged to look to
other careers. Even so, an hour's conversation with Sam Walker is enough to
convince a visitor that social forces alone have not made the difference in
Deer Run. His pursuit of change has heen vigorous and intense, and the
pursuit has touched mathematics more than any other subject.

121




The mathematics department has 1.5 teachers: the fulltime person, Mary
Vandenburg, teaches general math, algebra I, algebra II, precalculus, and a
double session of computer science (BASIC); the half-time teacher teaches
business math, algebra I, and geometry; a course in Fortran is taught by one
of the science teachers. Two aspects of the mathematics program made it
particularly attractive for 2 site visit. First of all, nearly 80 percent of
the students were enrolled in at least one mathematics course. Second, in
state and local competitions, the school has fared well, despite the fact
that, as Principal Atkinson told us, "In every math, computer, or biology
tournament we enter, we're the smallest school.” Like the increase in
college-bound students, these two changes have been relatively recent.

Mathematics competitions have become Deer Run's lever to success primarily
because of Walker's zeal and Vanderburg's hard work, but another factor has
also helped. The state mathematics teachers' association is one of the most
active in the country in organizing competitions on all levels -- local,
regional, and statewide -- and they do a remarkable job of publicizing and
generating enthusiasm for them. "They get the maximum out of what has to be a
meager budget,” Walker said.

"But it works. People are generally aware of the competitions. Around this
area, if you win math competitions, they think you have an excellent
program. "

Leadership

walker mused about the value of perceptions as he sat with us in his office in
a nearby town, where he had recently begun as superintendent of schools. It
is a larger town than Deer Run, with a more diverse population, a wider range




of interests, and more complex problems, yet he is already priming his high
school's mathematics team to win. With a mixture of pride and disappointment,
born of his old and new ties, he reported that the team had just placed second
to Deer Run in a county competition.

He is confident, however, that history will repeat itself, that once again his
intuition is correct: if visible improvements occur (in this case, a steady
climb in competitions), then he, as leader, can change the school's and
community's perceptions of their mathematics program. At that point, he will
be able to spring from their changed perceptions into demands for more
improvements. "I am more sure than ever," he told us. "“Results follow

perceptions.”

On the scale that Walker experiments with his "Results Follow Perceptions"
notion, only small towns would seem to qualify as laboratories. Larger
settings carry too many variables, too many people to allow his kind of
frontal assault. But we did see the phenomenon at larger schools, expressed,
however, in more subtle forms: mathematics staffs that make themselves more
visible in their schools and communities than other departments by their
extraordinary availability to students, by their exceptional efforts to work
with feeder schools to unify programs, as well as by their well-publicized
successes in competitions. In various settings, principals and
superintendents told us such things as: "“They're our stalwarts;" "They're my
hardest working department;" "I try to give them what they ask for. They
earn every bit of it." For their parts, the exemplary mathematics programs do
ask more, and also demand more of themselves. It is not their nature to rest
on laurels, and it is generally not in the nature of their leaders to let them
rest on laurels. Walker was principal and superintendent, not department
head, hut his leadership toward visibility and affecting perceptions has its
mani festations in other exemplary programs, usually, in high schools, through
department heads.
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The program at Deer Run apparently lacked any lustre until 7 years ago, when

Walker had an idea and took some initiative on it. His idea was as simple as
it was forceful: first, he would guide the program to some gains, then he
would turn the community's favorable impressions of the gains into fodder for
further gains. The particular route he chose was through mathematics
competitions, because it was relatively inexpensive and because it lent itself
to visibility quite readily.

At the beginning, he worked with a teacher at a local junior college to locate
as many collections of mathematics contest problems as they could lay their
hands on. He then engaged Mary Vandenburg, the fulltime mathematics teacher,
then relatively new in the school and new to teaching, to work on developing a
math team by using the contest problems in her courses. They expected a
modest, if not humbling, beginning to their contest results. But Walker told
Ms. Vandenburg to aim to move up one place per year, on the average, in local
and state cnmpetitions. After a few years, when that had begun to happen, he
went to the school board, improved results in hand, and persuaded them to
raise the mathematics requirement at Deer Run High School to 2 years. In the
meantime, he acted, in his own words, "like an athletic coach.” He and
Vandenburg identified 10 or 15 talented students in each grade of the high
school and began to groom them for the team, even, in some cases, asking
athletic coaches to release students early for mathematics competitions.

In 1983-84, 33 of the 190 students were involved in mathematics competitions.
In previous years, the number has heen as large as 50. Enthusiasm for the
competitions is so keen that students who aren't even enrolled in a math
course come to Ms. Vandenburg to ask if they can be on the team. The new
principal, Mr. Atkinson, a former engineer and mathematics teacher, has bheen
bitten by the contest bug, and so continues to support the school's
involvement in mathematics competitions. (As we arrived the first day of our
visit, he was in the hallway posting the results of the most recent contest,
in which Deer Run nosed Walker's team for first place.)
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With Sam Walker gone, and Ms. Vandenbura comfortably settled into the
mathematics program after 8 years, Atkinson's role in the continued success of
the program is sumewhat secondary, but his enthusiam and support are
important. And he too is getting ambitious. "Pretty regularly, we have a
small handful of students who can handle ail the mathematics we throw at

them., We need something to offer them. I've asked Mary to look into the
Elements of Mathematics program for them." This program, called EM for short
in the mathematics education community, is a program that has been adopted for
use with gifted students in St. Louis County in Missouri, and elsewhere. To
us, it seemed a surprisingly ambitious choice, but it fit nonetheless into the
fervor for mathematics that has bitten the Deer Run community.

Cne other note on Atkinson: his wife and home are fifty miles from Deer Run,
in the suburbs of the nearest major city, where his wife is a school
administrator. He rents an apartment near Deer Run during the school week, and
returns home for weekends. "I left engineering for education in middle age
and got involved in a doctoral! dissertation on school climate and school
improvements. When the job opened in Deer Run, I took it, because of the real
school improvement that has been going on here." Obviously, his interest in
the program is no longer clinical, and his chosen life in education, with its
hardships and sacrifice, makes for a heartwarming story, one that fits nicely
into the broader Deer Run picture that unfolded for us.

The school community and, indeed, the entire Deer Run community, now share in
the pride and support of the program. The school librarian, a former
mathematics major in college, makes herself available to students for math
tutoring in the library. The woman who until last year was the school
guidance counselor, had estahlished a reputation for careful attention to
placing students in mathematics. She occasionally used the results from the
Di fferential Aptitude Test to have selected students reverse the usual order
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and take algebra II before geometry, if they seemed From thair test results to
be unprepared for geometrical thinking. She also established a reputation for
encouraging girls in the middle school and the high school to think beyond
nursing and school-teaching as possible careers. (A parent: "My daughter
used to think about nursing. Conversations with Jean directed her toward
engineering. Now she wants to be an engineer.")

The middle school now has its own Math Team. Through its carefully designed
set of objectives for its mathematics curriculum (really an unofficial mastery
learning program) and through its sharing of a teacher on a half-time basis
with the high school, the middle school has established some continuity with
the high school program.

The town is well aware of the Math Team., When Mary Vandenburg wanted to send
an especially talented student to a competition in the East last year, she
garnered some financial support from the Lioness Club in Deer Run, some more
support from a town merchant, and the rest from school funds. The student was
able to go to the competition. (By all accounts, it appears he was an
exceptional student, and a source of local pride. He is now at MIT, and 3 or
4 of the school's teachers avidly shared anecdotes about his experiences at
MIT with us over lunch.)

One further anecdote caps the story of the Math Team in this tiny community.
The district's new superintendent told us how, on the evening of the most
recent competition, he was roused from supper by automobile horn-blaring and
the ringing of his doorbell. "I really didn't know what was going on. When I
opened the front door, there were Mary and the team waving and flashing their

first-place ribbon."
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Not surprisingly, competitions are on Mary Vandenburg's mind as she manages
the Deer Run mathematics curriculum and implements it from day to day. (The
curriculum is really her responsibility alone -- the half-time teacher from
the middle school has 1ittle to say about the curriculum.) They are on her
mind as she begins teaching Algebral each September: "I look for candidates
in that group and I start recruiting." They are also on her mind as she makes
hersel f availahle to students "before school, after school, during lunch,
during breaks, and during my planning periods."

Curriculum and Implementation
|
|

During these times, when she is not procviding remedial and general help, she
is working with her team members. Occasionally -- as, for example, during our
visit -- she will have team members give presentations, during class, on their
contest work. Contest activities are not restricted to the math team.
Approximately 80 students a year (more than a third of the school) take the
American High School Mathematics Examination (AHSME) of the Mathematics
Association of America. A small group are involved in the contests in
mathematics and science called Test of Engineering Aptitude in Math and
Science (TEAMS) Last year, Deer Run won their district and regional
competitions, and then placed fourth at the state Tevel. Typically, they were
the smallest school represented at the state level.

|
|
I
|
|
|
The value of mathematics competitions to a school's program -- especia 1y when |
they are as pervasive as at Deer Run -- is open to debate. One department |
head we visited in our study told us that he avoided them "because they mainly l
teach tricks" and are not conducive to a thoughtful approach to mathematics. i

|

|

|

\
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Other department heads we visited allow them to play but a minimal role in
their programs..And, of course, there are the schools we described in case
studies 1ike East High School and Trinity.High School, where contest victories
are considered a valuable measure of success. Their value to Deer Run in this
regard is clear, but we happened across what seems another good reason for
their prominence in the school, when we interviewed Glenn, a senior year
student in precalculus: " I 1ike being involved in the competitions because,
in preparing for them, vou learn things 1ike inverting matrices that you
wouldn't ordinarily learn in class." It is difficult to gauge how many such
topics there are that enter tha curriculum through competitions, but the pace
of precalculus seemed slower at Deer Run than at other programs we visited, so
it is believable that Glenn was on target.

The pace of the curriculum was one factor that sets Deer Run apart from the
vast majority of the exemplary programs we visited. Another was the use of
homework. In some of the Deer Run courses, students are permitted to do their
homework in class, and teachers make themselves available for help. While
this runs counter to the practices in the other programs we visited, and so is
of questionable value, the practice was singled out by a couple of students
from farms as valuable to their learning, because " it's hard if you get stuck
at home on an assignment."

Given its small size, the mathematics program at Deer Run presents no
complicated student placement challenges, and yet Mr. Atkinson was strong in
his praise of the guidance counselor who had left at the end of the previous
year, and equally strong in his disappointment in the performance of her
successor. Apparently, the former counselor had been a strong influence on
the students, especially the girls; her departure, seen in the 1ight of the
recent turnovers in superintendent and high school principal, made the
mathematics program seem a bit more vulnerable to us.
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Because she teaches most of the courses, and because she is keen to meet all
students’ needs, Ms Vandenburg risks overextending herself. On the one end of
the curriculum, she has seen the need to introduce calculus to the several
students who exhaust the course o¥ferings by senior year, and was planning to
incorporate it as a semester course, combined with a semester of number
theory. On the other end, she has decided to introduce a prealgebra course
for those ninth-graders who are not fully prepared for algebra, but who need
something more challenging than general mathematics. While he was in charge,
Sam Walker refused to allow her to teach prealgebra, because of the time taken
from planning. The new principal and superintendent have given their
blessings, however, and Vandenburg was eager to get the course up and running.

Teaching and Staffing

After the careful planning of Sam Walker, Mary Vandenburg's dedication and
hard work constitute the second major factor behind the progress of the
mathematics program. She is the mother of two small children, with all the
concomitant responsibilities and constraints that come from leading a double
1ife. For example, our first morning in her class was interrupted by a call
from her nursery school, whose staff had temporarily misplaced her younger
child. Vandenburg seemed s1ightly envious that other math team coaches whom
she knows are able to use after-school time to prepare their students for
competitions. She cannot, because of her family responsibilities and because
the majority of her students are dispersed at the end of the school day across
the wide expanse of the school district, many to farm chores that will not
wait. In any case, this dedicated teacher finds the time, during class,
during lunch, during homerooms and preparation periods, to prepare students
for the contests.
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During her 8 years at Deer Run, Vandenburg has been the only full-time
mathematics teacher and, although she lunches once a week with the part-time
teacher so that they might coordinate their algebra teaching, she really is a
department unto herself. In so many of the programs we visited, continued
success appears to be tied to the collegiality of staff and the strength they
draw from each other. In that 1ight, the professional loneliness of Mary
Vandenburg seems all the more poignant, and her sustained enthusiasm and
commi tment all the more laudatory.

Her dedication, and the dedication of many of her rural teacher colleagues,
has a special quality to it because of the relatively limited opportunities
for young people growing up in an isolated community the size of Deer Run.
There is a strong commitment on the part of these teachers to expose their
students to as much as possible of what is new and differant and to push them
to open their eyes to it. Thus, the special appeal of regional and state
competitions as vehicles for program improvement, and Mary Vandenburg's
commitment to involve as many students as possible in them: "When freshmen
come into our school they want to be part of that winning team. I have had
students who are not taking math in their senior year ask if they could still
go to math contests. I try to encourage all of them." Glenn, the senior
quoted earlier, put it in a slightly homier way: "If the dumbest person came
up to Ms Vandenburg and asked to be on the Math Team, she'd find a place for
him."

Money is an issue remarkably removed from the issue of teacher dedication in
Deer Run (and, it is reasonable to assume, in communities like it). It is a
sad corollary to the perpetual dearth of money for education. Generally, in
this school and community, there is a sense of pride in making it on very
Tittle. In the metropolis 50 miles away, a newspaper article appeared on the
Deer Run schools under the headline "Excellence for Peanuts."
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In any case, money has little bearing on Mary Vandenburg's dedication to the
mathematics program. When we asked whether the Master's degree sne hopes to

earn would increase her salary significantly, she looked surprised, even a bit
annoyed by the question: "I don't know. That's not why I'd get it. I don't
care what they pay me. I'd get it to help me teach better."

Money could definitely help the Deer Run High School mathematics program,
however. There are spots where it evidently suffers from the district's
skimpy financial resources--for example, in training for broader teaching
skills. We observed 5 classes and were struck by several aspects of
theclassroom interactions. For one, we were struck by the occasional
impatience expressed--by both mathematics teachers-- in the lower-level
courses Tike general mathematics. Furthermore, the part-time teacher was
often sarcastic in addressing her students, a behavior notably absent in the
vast majority of classrooms visited in our study.

A second disappointment was the lack of much development of student questions
into further learning for the students. Ms Vandenburg took the time to answer
questions, but several of the answers we witnessed seemed to leave the
questioners hanging. For example, as she drew a circle on the blackboard in
her precalculus course, with radian and degree measures listed for angles, a
student asked, " Is that a function?" The answer: " Sine and cosine are
funcfions, but we haven't covered them yet;" then she went on with what she
had begun. This was not only a confusing answer which did not satisfy the
student, but it was a missed opportunity to spring from the question to a
discussion of functions and trigonometric functions, in particular, and to get
the students to voice their understandings and misunderstandings about the
concepts. Later in the class, the same student came back with another
question, during a discussion of odd and even functions: " Are parabolas and
hyperbolas even functions?" The quick and unsatisfying answer from Ms
Vandenburg was, "Hyperbolas are not functions." Again, a missed opportunity

to probe the students' thinking and to get them involved in a meaty discussion.
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Mary Vandenburg's deep dedication to her students makes it clear that the
missed opportunities and occasional careless behavior ( such as inappropriate
ekpressions of impatience) do not derive from a lack of concern. Rather, they
derive from her professional loneliness as a department unto herself, and from
the financial inability of the school district to provide much professional
development. As it is, the principal stretches the budget to send her to
state mathematics teacher meetings and to the competitions.

Isolation and a lack of funds are also hampering Deer Run‘s attempts to expand
its curriculum wisely. The grant proposal Mr. Wilkinson has written to fund
the purchase of the Elemeuts of Mathematics materials for the high school's
talented students, however nobly motivated, may be shortsighted. The
materials are very sophisticated mathematically, and the program at Deer Run
is not. Again, the geographic and financial isolation of the program has
limited its options for finding appropriate curricular changes.

Conclusion

Sam Walker told us, from his new vantage point as another dictrict's
superintendent, "Deer Run High School has done more with what they have than
any other school in the state." A biased and subjective assessment, no doubt,
but it does refiect the truth about the school's valiant and fragile efforts
in mathematics.

In studying exemplary programs, our researchers have travelled from inner city
schools to suburban schools to rural schools. Each type has its own set of
special challeriges, and each has designed its own set of responses. In Deer
Run's case, the challenges were a low budget and a traditional set of values
that kept educational success on a rather low plane. Their response, through
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forceful and imaginative Jeadership and dedicated teaching, was to use a
steady improvement in mathematics competitions as both a motivator for
students and citizens, and their standard for setting the tone of the entire
mathematics program.

Success in mathematics continues to develop at Deer Run High School, yet it
also continues to be a fragile sort of success. Funds are and always will be
Tow, administrative turnover has been high, and the program relies on the deep
dedication of one woman. Indeed, it is reasonable to say that, when compared
with the other 27 programs we visited, Deer Run will have the hardest time
sustaining its recent record of excellence.
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the resource exchange for educational services
January 10, 1985

Elizabeth Crow
Editor

Parents Magazine
685 3rd Avenue

New York, NY 10017

Dear Ms Crow:

I have enclosed an article I hope you will publish in Parents Magazine.
In it, I write to parents about the quality of mathematics teaching
in this country.

There have been a host of warnings and complaints in the past few
years about declining test scores in mathematics and the dwindling
supply of mathematics teachers. Sorely lacking has been some clarity
about models for success. Which schools are generating highest scores
and enthusiasm for mathematics among their students? What are they
doing to keep their heads well above water while so meny programs

are thrashing about?

For the past two years, we at the Northeast Regional Exchange have
been conducting A Study of Exemplary Mathematics Programs, with
funding from the National Institute of Education. We have visited

and studied closely 28 exemplary programs in 16 states and the
District of Columbia and have studied a comparable number by telephone
and mail. There are several informative, even inspirational findinas
and I have endeavored to describe them for your readers.

Ours has been a qualitative, not quantitative study, meaning that
its Tfindings are not expressed in numbers as much as in very human
and social terms. I believe the article will make for interesting
reading for the vast numbers of your readers with a stake in school
improvement. 1 hope you agree.

Thank you for your consideration. If you wish to telephone me, you
can reach me at my office (617) 256-3987.

Sincerely,

Mark Driscoll, Ph.D.
Principal Investigator

Encl.
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Mark Driscoll About 2,500 words
NEREX, Inc. First serial rights
34 Littleton Road © Mark Driscoll
Chelms ford, MA 01824

(617) 256-3987

A Formula for Success in Teaching Mathematics

My teaching career began in a warehouse in 1970. Its windowless walls,
leaky ceiling, and sloping concrete floors housed an alternative high
school on the fringe of the St. Louis ghetto. Seven of us founded the
school -- one gi fted, visionary director named Dennis 0'Brien and six
very enthusiastic teachers. Together, we renovated the warehouse,
painstakingly established a guiding philosophy and curriculum, and, in
the spirit of total renewal which drove our enterprise, even labored over
the choice of a school name. In the end, we named the school Logos,
passing over names connoting freedom or change, and choosing instead to
jdenti fy ourselves with the reverence for learning of the ancient

Greeks. Then, one frigid day in January, before we could think about the
risks of our venture for very long, we opened our doors (one in the front
and one to the alley in back) to the dropouts, young rebels, and

educational misfits of St. Louis.

We felt isolated much of the time during the early days, but we knew we
were part of a national movement, and we were buoyed by the spirit of
that movement. While Logos and its underlying ideals were taking root in
St. Louis, similar schools were appearing all across the country in

warehouses, church basements, renovated tenements, and in dozens of other

innovative settings. Discontent was in the air during those years, and




so was the desire for reform. Thousands of talented and committed people
-- many who were Teacher Corps veterans, Peace Corps veterans, or Vietnam
veterans -- became teachers in the late sixties.and early seventies
because of their desire for reform. The idealism that was rampant found
one comfor cable home in the new alternative schools. Unfortunately, in
too many of these schools, it was an ungrounded, evanescent sort of
jdealism, and the schools failed. In those years, it was too tempting to
focus on politics and lifestyle, and too easy to lose sight of sensible

educational principles.

Logos is still thriving, fifteen years after its birth. Although it has
moved to a larger building and narrowed its focus to emotionally troubled
adolescents, the original ideas and educational ideals are firmly in
place, driving staff decisions about curriculum, teacher training,
hirings and firings, and so on. Underneath, those Logos ideas and ideals
are tied to one abiding Truth, to which the teachers there have always
commi tted their professional lives : the student -- not the teacher;
certainly not the text, lecture notes, or syllabus -- must be the center
of classroom activities. Easy words, often preached, but we found it a
difficult Truth to 1ive in consistently. To do so, we disciplined
ourselves with some regular routines; the foremost among them were group
training exercises: we observed each other's classes -- especially the
troublesome ones -- and videotaped each other in class, then poured over
the tapes together once a week to look for stumbling points and to
suggest changes. We all learned how to teach to the tuiie of questions

1ike, "What did you want to see happen there?" and "Where in that class
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did you start to feel dissatisfied with what was going on?" The ensuing
discussions were rarely easy, especially for the teachers on tape, but
the sessions kept us focused on the students and kept us true to their

needs.

My own association with Logos ended in 1978, when I began a new career in
mathematics educational research, but I often look back at that Truth and
to the strategies we developed to keep ourselves tied to it. In light of
my recent career, it is ironic that there was no formal educational
research behind the development of those strategies. We read and
discussed the education writers, from Plato to Jonathan Kozol, but when
it came to deciding what we as a staff were going to do in our school, we
relied on our own instincts. And if, in those early days, an educational
researcher had dared to visit the school and impugn our ways, he or she

would quickly have seen the way to our back alley.

So it came to pass that, in 1983, I donned my researcher cap and set out
with others to study exemplary school mathematics programs around the
country. Our particular research study, funded by the National Institute
of Education, was called A Study of Exemplary Mathematics Programs. My
colleagues and I from the Northeast Regional Exchange traveled to 28
exemplary programs around the country, where we watched, 1istened, and
probed for the conditions that made them exemplary in mathematics. These
were programs with track records of generating extraordinary success in
mathematics and enthusiasm for mathematics among their students; our job

was to peer beneath the success to uncover what they were doing right.
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when all of the evidence from our site visits was in, sorted, and

analyzed, when a panel of outside experts had had their say in
interpreting what we had brcught home, the conclusion was inescapable:
the Truth my friends and I committed ourselves to at Logos is alive and
deeply ingrained in a variety of school settings. Teachers in the really
good mathematics programs keep their eyes riveted on their students'
needs and put them above all other concerns. In doing so, the best of
these teachers cross the wide 1ine between merely doing a job, and being

artists.

The importance and difficulty of what these teachers do should not be
taken lightly. On paper, their success is evident; their students' test
scores, math team records, heavy mathematics course enrollments all
attest to the quality of their efforts. Our visits, however, revealed
the deeper, more subtle success they have achieved: they have dignified
the learning of mathematics for their students. In their perspective of
teaching, they are not merely in the business of teaching mathematics to
kids; they are in the business of teaching kids mathematics. The
distinction is critical, and not merely semantic. The words of a few

illustrate:

The teacher of a 7th crade remedial class in Nutley, New Jersey, which
meets every morning at 8 o'clock:
"Some mornings it's difficult to face these students and the
trouble they have learning. that I do on those mornings is to

picture them as my own kids, and I try to treat them as I would

want my own kids treated."
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The veteran teacher of a calculus course in Canton, Massachusetts:

"Teaching is still a high for me . Wnen I walk into a |
classroom, everything else is shut out. And it's us -- the i
|

students and me.,"

A 6th grade teacher in Ann Arbor, Michigan:
"We are very success-orientec. We want the students to feel
successful. . . . We especially Tike the challenge posed by
their coming into the 6th grade with their preconceptions about
wvho is good in mathematics and who isn't. We highlight the
accomplishments of the ones they don't expect to succeed, and

make them rethink their expectations."

Each of these speaks, in its own way and at different grade levels, of
dignity and the excitement of student-centered mathematics teaching. A
remarkably common feature of all the programs we visited was the
consistency of the dignity and excitement in the teaching. We saw, for
example, only a tiny amount of teacher sarcasm, the fallback strategy of
too many teachers when they feel uncomfortable, and one that robs
students of dignity in their learning. From nearly one hundred classes I
visited, I can recall only three in which the teacher resorted to
sarcasm, and the effects in each case were memorable. The students in
one of the classes laughed coldly and nervously; in the second, they
responded to the teacher in kind; in the third, they sat in fearful

silence -- in all three cases, sad and wasteful behaviors. Again,
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however, these were rdre exceptions, and to someone who has witnessed
how often teachers -- especially at the secondary level -- feel driven to
sarcasm by the behavior ¢f students, the record of teachers in exemplary

mathematics programs seems remarkable indeed.

The dignity and integrity even kept their power in conversations with the
teachers outside of class. One of our site visitors is statewide
mathematics consultant in a populous Northeast state, who routinely
visits scores of schools and talks with their mathematics teachers.

After his site visits, he marveled at the absence of remarks or facial
gestures connoting "You know what group that is," when teachers talked of
their department's remedial classes. "It's something I see much too much
of in the typical school setting," he remarked. Dignity, the teachers in
exemplary programs have found, cannot work in a selective or part-time

way.

The teachers have learned what we learned at Logos with our especially
demanding students: 1in order for students to cooperate in the excitement
of learning, it is essential that the environment be constantly conducive
to their being invested in the excitement. It does 1ittle good if the
dignity is there one day and missing the next. When that happens, the
students invest too much energy in caution, and their excitement about

learning tends to be muted.

The learning atmosphere was anything but muted in the 28 exemplary

programs we visited. The proof was in the faces of the students, which,
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unfortunately, cannot be reproduced here. Their words, however, stand as

wonderful substitutes. Here are some examples:

David, a geometry student in Glendale, Wisconsin:
“I 1ike the different ways my geometry teacher finds to give ail
the students a chance to succeed. Like his 'Mulligans’,
surprise quizzes that only count if you do well. . . . I also
like the fact that I can always get help from one or another of

the math teachers anytime after 7:30 in the morning."

Another David, a graduate of a high school we visited in Urbana,
ITTinois:
“I remember specific problems that Mr. Davis posed in class four
years ago, and how I thought about them for days and would come
to his office to talk with him about them. He always seemed
available. I wish I could get that kind of help in my college
math courses. There, all that seems to matter is how much you

remember on the tests."

Lee, a high school senior in Albany, California:
“Every Friday, all the math teachers in courses from Algebra on
give out especially challenging problems for extra credit, and
give a week or two to solve them. Occasionally, we talk about
the tougher ones in class before they're due, and you can almost

always hear students talking about them in the snackbar at

lunchtime."
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These are students talking about their teachers in settings away from the
classroom -- trustworthy remarks, but not nearly as revealing as their
behavior in the classroom. Their remarks there, whether made to
themselves, other students, or the tcacher, are fairly accurate
barometers of the level of trust between students and teacher -- in
particular, trust in the safety to take risks. We heard a bit of
mumbling and grumbling, but more often, we heard openly expressed remarks
Tike:

"That's where I made my mistake."

"I don't think I have that down yet. I got too many wrong on

the homework."

"Could you go over that again?"

Consistently minimizing risks and maximizing trust was a common quality
among the teachers we met in the exemplary mathematics programs. More
often than not, it was an outgrowth of their unified commitment to making
success in mathematics available to all students, their unbending
intolerance of failurz and their unwillingness to let students drop from
mathematics courses. I mentioned this unwillingness in a presentation
about the study I gave last year in New Jersey. A woman from the
audience approached me afterward and said: "One of your researchers
visited my daughter's high school, so I thought you'd 1ike hearing a
story about her Advanced Placement math teacher." Her daughter's school
is one in which the department head had carefuliy delegated authority to
his staff; they, in turn, responded by unifying their procedures and
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commitment for staying on top of students. "“She wanted to drop from the

BC level (the more difficult) of Advanced Placement to the AB level --
not drop out altogether, mind you, but just change Tevels.! He tried to
talX her out or it and failed, so he told her he'd let her drop down if
she talked it over with her father and me, and if she beat him in a
tennis match. Well, we said okay, and she beat him at tennis a few weeks
ago, 50 he Tet her move down. But I was impressed with how much effort

he put into keeping her in the upper level."

With similar passion, the teachers in Albany (California) High School
worked after school for a year to develop a 150-page curriculum for their
9th-grade general mathematics course because, in the words of the
department head, "We didn't want genera! mathematics to be the dead-end
course it usually is in other schools." As a result of their efforts, a
large percentage of these students now take four years of mathematics

during their stay in high scheol.

As these examples illustrate, teachers we visited vary in how they devote
time outside of class to their programs; they coach mathematics teams,
work with students on computers, and monitor tutorial or remedial
programs. When it comes to how much time they donate, however, they are
uniformly and consistently very generous. Often, the computer has

contributed to this propensity to spend extra time. "The computer," said
one department head, "has driven lots of teachers back to school, both to
learn and to rethink how they teach." (0ddly, in the reams that have

been written about the computer in schools, this aspect -- what it is

doing to regenerate the skills of many teachers -- gets scant attention.)




Principal after principal in the schools we visited told us: "They stay
Tonger than any of our other departments,” or "They are my

hardes t-working department.” And, no matter how they spend their time
for the curriculum and the students, they share with each other -- ideas,
materials, journal articles, an' so on. This, unfortunately, is less
typical of American school staffs than it should be. One of the teachers
in an Ann Arbor elementary school told us: "This is the fifth school in
the district I've taught in, and it's the first one in which the teachers

readily share with each other."

In ideal situations, such as my friends and I had at Logos, teachers can
be totally collegial, sitting in on each other's classes, meeting
regularly and exchanging ideas about pedagogy. In the typical, less than
ideal school setting, the demands and constraints are too great, too
complex, and it is easy for teachers to sink into near-solitude, much as
Horace in Theodore Sizer's poignant teacher portrait, Horace's
Compromise. The teachers in exemplary mathematics programs, however,

fight the solitude and find ways to work together, or at 1east to unify

their efforts. There was no better nor more concise description or their
success than that given by the principal of a West Virginia middle
school, who described his mathematics staff as "interlocking, mutually
supportive, and diversely unique people." Time does not aiways permit
collegiality to he completely formalized among teachers, but in most
exemplary mathematics programs, it takes root because the teachers thrive

f on it and will not do without it.
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Often it takes root under the guidance of a visionary leader, a
department head, or principal who encourages staff unity and commitment,
and sets up mechanisms to make them happen. Genarally, these leaders see
their mathematics teachers as the professionals they are, and encourage
their professionalism by delegating authority and by showing active
respect for their opinions. More often than not, they are staunch
champions of their staffs within the school district's hierarchy, and get
them what they need to be effective and to grow professionally. The head
of an exemplary program in Boston mused out loud, at our request, about
how he might reproduce his program's excellence in another school. He
1isted several items that he thought were essential, but stressed that
the program "would have to have a leader who was able to work with the

principal to make the right things happen for the program.”

Style is neither hard nor fast among these leaders. We saw the full
range of styles, from tight management to a free-form, “Take the issues
as they come" style. What is common to all of these leaders is vision
that 1ooks beyond test scores and refuses to be one-dimensional about
excellence. And, whether their curricula are text-bound or not, they
stay alert for weaknesses, and work with thieir staffs to overcome them.
Like their teachers, they are consistently intolerant of failure and even

disinterest among their students.

It is important to point out how excentional this leadership is.
Research studies of how planned change happens in high schools generally

cast department heads gs rather unimportant factors; their roles are

usually too circumscribed, il1-defined, or subject to the whims of their
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administrative superiors. In the programs we studied, conditions are

vastly different. If it is the teachers .ho bring 1ife and dignity to
these exemplary programs, it is the leaders who frequently bring 1ife and
dignity to the teachers.

Conclusion:

The exemplary mathematics programs we studied represent a variety of
settings: they cover the full gamut of grade Tevels (grades 4 through
12), school size, and social settings. In addition, different
categories of excellence were represented: high test scores, outstanding
course enrollments, winning mathematics teams, innovative curricula, and
programs having special success with populations traditionally

underserved in mathematics, such as females and minorities.

Despite the variety in settings and outcomes, we found all those common
threads outlined above: the exemplary leadership, the strategies for
putting together curricula that work for students and the equally
important strategies for making them work consistently, and, most
important of all, the exemplary behavior of the teachers. In its
portrayal of the teachers, in particular, our study should be taken as a
joyful report. We should all rejoice that there are individuals willing
and able to devote such consistent passion and care to a student-centered

approach to teaching mathematics.

For me, th2 phrase that most aptly describes the attitude of these

teachers toward their students and their profession appeared recently in
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an article on Japanese education, Harvard researcher Merry White wrote
an article entitled "Japanese Education: How Do They Do It?" (The
Public Interest, Summer 1984), in which she reported: "Across the

population, among parents, at all institutional and bureaucratic levels,
and highest on the 1ist of priorities is the stress on excellence in
education. This is not just rhetoric. If the consensus, societal
mobilization, and personal commitment - all focused on education - are
not available to Americans, the reason is not genetic, nor are we locked
in an immutable cultural pattern. We are simply not mobilized around our
children." The striking phrase is the last one. The teachers we studied

in the exemplary mathematics programs are mobiiized around our children.

Why, however, do they continue to be such a small minority? To answer
“Teacher shortages in mathematics" is to beg the question, or at least to
change the question to "What happened to the fervor for educational
reform, the flooding of the teaching profession with individuals
passionate for student-centered teaching that marked the late sixties and
early seventies?" 1If you listen to the spate of studies, polls, and
reports of the last few years, the noises of discontent seem as strong as
they did 15 years ago. Yet, underneath, they seem to be 1ittle more than
noises, unaccompanied by any passion for real reform. Bluntly put, in
1ight of White's article, maybe the Japanese mean it when they say they

value excellence in education, and we do not.
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We can hope that it is a cyclical phenomenon. Perhaps we must wait until
our society is disposed once again to be passionate about the dignity of
teaching, as it was when my friends and I started Logos School in 1970.
In the meantime, it is a shame that so many models for real reform -- the
jndividuals met in our study and portrayed in this article -- are going
to waste. Instead, Tet's explore ways to learn from them to benefit all
school mathematics programs. We could bring a representative group of
them together to chart the exemplary program of the future, or we could
videotape their exemplary teaching behavior and use the tapes to train
other mathematics teachers. I am sure that there are many ways in which
we can learn from ther.. For our children's sake, however, let us not

waste them.
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